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EXTEACT PROM THE PREFACE TO ELIOT AND STOKER'S 
MANUAL OF INORGANIC CHEMISTRY. 



'^ In preparing this manual, it has been the authors' object 
to fe-cilitate the teaching of chemistry by the experimental 
and inductive method. . . . The authors believe that the 
study of a science of observation ought to develop and disci- 
pline the observing faculties, and that such a study fails of its 
true end if it become a mete exercise of the memory. 

"The minute instructions, given in the descriptions of ex- 
periments and printed in the smaller type, are intended to 
enable the student to see, smell and touch for himself; these 
detailed descriptions are meant for laboratory use. In order 
to mark as clearly as possible the distinction between chemistry 
and chemical manipulation, the necessary instructions on the 
latter subject have been put in an Appendix. In cases in 
which it is impossible for every student to experiment for him- 
self, the authors hope that this manual wiU make it easy for 
the teacher, even if h» be not a professional chemist, to ex- 
hibit to his class, in a familiar and inexpensive manner, 
experiments enough to supply ocular demonstration of the 
leading facts and generalizations of the science. . . . 

" There is little original in the book except its arrangement 
and method, in part, and its general tone. The authors have, 
of course, drawn largely from the invaluable compilations made 
by Gmelin, Otto and Watts, and they have also availed them- 
selves freely of the text-books of Stoeckhardt and Miller, and tba 
writings of Hofmann." 

I 
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PREFACE TO THE ABRIDGMENT. 



This Abridgment, which is not simply an abridgment, is a 
shorter and easier, yet a more comprehensive manual than the 
original one. The larger manual covers only inorganic chem- 
istry ; the Abridgment includes the elements of what is gen- 
erally called organic chemistry. The chapter on Carbon in 
the original manual has been subdivided and expanded, so as 
to comprehend the principal facts and theories of that part of 
chemistry which in most text-books is treated as a distinct 
branch under the name of organic chemistry. In this way 
the compounds of carbon are studied in their natural place 
and order, and the student has a fairer view of the whole 
science than he is likely to get when the great majority of the 
carbon compounds are studied quite apart from carbon itself and 
from some of its longest-known compounds, and after all the 
other elements. 

In preparing the new chapters on the compounds of carbon, 
the authors have made free use of the works mentioned above, 
especially of the text-books of Stoeckhardt and Miller ; they 
would also acknowledge indebtedness to Prof. Johnson's " How 
Crops Grow," from which several of the experiments have been 
taken. These experiments, as well as the others in these chap- 
ters, are such as have been found to stand. VJiaa \ft»\» ^i ^^x^sS 
performance bjr students. 



vi PREFACE TO THE ABRIDGMENT, 

This manual is written in the interest of no particular theory ; 
the typical formulae have been employed in many cases in the 
chapters on carbon, as affording a coDvenient method of repre- 
senting the reactions in which the compounds take part. Teach- 
ers who desire to illustrate more fully th^ theory of the subject 
may refer to Cooke's Chemical Philosophy, from which some use- 
ful hints have been taken in preparing this Abridgment. 

Teachers who put the Abridgment into the hands of their 
pupils will find if useful to consult the larger manual for addi- 
tional facts and experiments and fuller explanations. 

March, 1872. 



PREFACE TO THE REVISED EDITION. 



From time to time since the first issue of the book, cor- 
rections have been made of such errors as have come to the 
notice of the authors. The present edition has been thor- 
oughly revised. The most important changes are in Chapters 
IX and XI, and in §§ 27, 28, 36, 63, and 76 ; some new 
matter has also been added. The page numbers, however, have 
not been altered, so that where the book is already in use there 
will be no difficulty in the way of the gradual introduction 
of this new edition. 

July, 1877. 
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ELEMENTARY 



MAJsruAL OF Chemistry. 



INTRODUCTION. 

1. The various objects which constitute external nature pn 

sent to the observing eye an infinite variety of (luality an 

circumstance. Some bodies are hard, c)th<*rs soft ; some ai 

brittle, others tough or elastic. Some natural obj^'cts an' ei 

dewed with life, — they grow ; others are lifel(?ss, - they ma 

be moved, but do not move themselves. Some bodif^s an* in 

state of incessant change; while others are so ininu>va]>l(* an 

ancbangeable that they seem everlasting. In tlu' ini<lst o 

this infinite diversity of external objects, whcn> lies tli 

domain of Chemistry 1 What is the subject-matter of thi 

science 1 

When air moves in wind, when water moves in tides or i 
the fall of rain or snow, the air and water remain air an 
water still ; their constitution is not changed by the motior 
however frequent or however great. A bit of granite, tlirow 
off from the ledge by frost, is still a bit of granite, and no ne> 
or altered thing. If a solid piece of iron be reduced to filings 
each finest morsel is metallic iron still, of the same substanc 
as the original piece, as will appear to the eye, if a morsel b 
sufficiently magnified under the microscope. The melted, flui< 
lead jn the hot crucible, and the solid lead oi t\\^ Q.^^\k>S^ 
eaet^xfmii, are -the same in subfttance, only d\ffeim^ m x^^ 
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to temperature. In all these cases, the changes are external 
and non-essential, not intimate and constitutional : they are 
called physical changes. 

2. When iron is exposed to the weather, it becomes covered 
with a brownish, earthy coating, which bears no outward resemr 
blance to the original iron ; and, if exposed long enough, the 
metal completely disappeara, being wholly changed into this 
very different substance, riist, A piece of coal bums in the 
"grate and soon vanishes, leaving nothing but a little ashes. 
Dead vegetable or animal matters, buried in the ground, soon 
putrefy, decay, and disappear. So, too, the fragment of granite 
which frost has broken from the ledge, exposed for centuries 
to the action of air and rain, becomes changed ; it " weathers," 
and after a time could no longer be recognized as granite. All 
these changes involve alterations in the intimate constitution 
of the bodies which undergo them : they are called ohemioal 
changes. 

Experiment 1. — Mix thoroughly 3 grammes (for Tables of the 
Metrical System of Weights and Measures, see Appendix) of coarsely- 
powdered sulphur with 8 grammes of copper-filings or fine turnings. 
Fiar. 1. Put the mixture into a tube of hard glass, No. 3, 

about 12 centimetres long, and closed at one 
end. (For the manipulation of tubing, see 
Appendix, §§ 1 -4.) Hold the tube by the open 
end with the wooden nippers, as in Fig. 1, and 
heat the mixture over the gas-lamp (Appendix, 
§ 5), imtil it suddenly glows vividly at the in- 
stant when the copper and sulphur combine. 

Before heat was applied, the mixture of the 

two substances was simply mechanical, and the 

copper might have been completely separated 

from the sulphur, by due care and patience ; but, 

during the ignition, the copper and sulphur have united chemically, 

and there has been formed a substance, which, while containing both, 

has no external resemblance to either. In the new body the eye can 

detect neitber copper nor sulphur. 
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§ 3.] AXAirS/S ASD SYSTHKSIS. 5 

the bodies concerned are changed, as in this fxiwrimont, wi tliat 
essentially new bodies are formetl from the old, an* chemical 
processes. It is the function of the chfiuiHt, on tin* iiii«* haii<l. 
/ to investigate the action of each sulistanct* on I'vcry other. .'iii«l 
^ to study the properties of the conil»iimtioiiri n^HuItiii^ fruii thin 
action; and, on the other, to seimruU) rom|Miuiid iNNljfH into 
their simpler constituents : he further si^tlcrt tin* ^ciutiI I:iwh 
by which the intimate combinations of matter an* coiitrnlliM). 
With these ends in view, he endeavors to pull to pii*«*<*H, or. in 
technical language, to aoalyic, every natural sulxstann* on whit h 
he lays hands. Having thus found out the com]M»sitioii nf tin- 
substance, he seeks to put it together again, or to n^i-oinpoM* it 
out of its constituent parts. By one or Ixith of thcs** twn j>n» 
cesses, — analysis (unloosing) and synthesis (puttMig to^'tthcr). 
— the chemist studies all substances. 

3. The first question which the chemist a«ks liiinwlf <on- 
ceming every natural substance is, Of whut m it cftinponnl 1 
He then attempts to resolve the substance into Himi)h*r consti- 
tuents. If he succeeds in decomposing it, he obtains the answer 
I to this first question ; if the body can not 1)0 decomiM>s<Ml by any 
known method of analysis, the substance* must bo rc^'anhMl as 
being already at its simplest. Such simple ])0(lies an^ called 
elements. Secondly, the chemist asks, How does this ufw sub- 
stance comport itself when brought into contact with other 
instances already familiar ? There are sixty-four substiinces 
which are, at present, admitted to be simple, primary substances, 
or elements ; other elementary substances may hereafter bti dis- 
covered, and substances which are now regarded as elements 
may hereafter be found to be compound ; so that the number of 
the substances considered as elements is subject to change. Of 
compound bodies, formed by the union of these elements with 
each other, we find a series, numbering many thousands, in the 
inorganic kingdom of nature, comprising all the diversified 
mineral constituents of the earth's crust; while another series, 
fer more complex in composition, and almost innumerable in 
multiiiude, exists in the vegetable and animal 'WoAi.. T^^Xac^ 
of the chemist in thoroughly answering Ina SftCOTii^ cs^«35C\Qf^ 
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would clearly be endless, were it not for the existence of general 
properties common to extensive groups of both elementary and 
compound bodies, and of general laws which chemical processes 
invariably obey. 

While, therefore, the chemist seeks the answers to the two 
fundamental questions above stated, he is at the same time in- 
quiring what relations exist between the properties of a body 
and its composition ; and he is also studying that natural and 
mvariable sequence of chemical phenomena, which, when fuUy 
known, will constitute the perfect science of chemistry. 

4. Generalizations from observed facts, so long as they are 
uncertain and incomplete, are called hypotheses and theories » 
when tolerably complete and reasonably certain, they are called 
laws. The attention of the student should be constantly di- 
rected to the keen discrimination between facts and the spec- 
tdations founded upon those facts ; between the actual evidence 
of our trained senses brought intelligently to bear upon chemical 
phenomena, and the reasonings and abstract conclusions based 
upon this evidence ; between, in short, that which we may know 
and that which we may beheve. 



CHAPTER I. 
AIB. 

5. We are everywhere surrounded by an atmosphere of in- 
risible gas, called air. In motion, it is wind, and we recognize 
its existence by its powerful effects ; but in the stillest places it 
exists as well. The presence of air in any bottle, flask or other 
hollow vessel which is empty, in the sense in which this word is 
ordinarily applied, can be shown very simply by attempting to 
put some other substance into the vessel, under such conditions 
that the air can not pass out from it. 

I^ for example, we wrap around the throat o^ ^ ixxivwel mth narrow 
outlet^ a strip of moiaten&A cloth or paper, ao that t\ifc iuiotfS^ ^MiX\.^\ 
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tigfa%into the neck of a iKitths aihI tli<'ii Till tli<* fuiiin'I uitli w^it. r. 
we shall observe that tliirt water <li>eii not run iiil«i tin- Uiiili-. IIh- 
bottle which we have called eiiiptv U in nNility tilli-«l \iith air, .im<1 
it is thia air which previMits th»r watt-r fnmi mtiriii;^' thi- li»til'-. 1 1, 
now, the funnel be liftvtl Hli<rhtly, so that thi- mouth ••! ih«' )• itlr 
shall no longer be completely cIoiH.fl )iy it, tin* air uithin t .• I»>i!lf 
will pass out, and the water in the fumiL-l will inM.mtly tlnw •!>.\\ii. 

6. We may actuaUy pump the air out of tin* bnitlr liy iiK-.um 
of an apparatus known as the air-pump ; or wi* may n-mnV'* a 
portion of the air by suction. 

Bxp. 2. — Fit to any small flask or l»ottlp a prrforati^l rnik (f"r 
tiie manipulation of corks, pee ApiH'mlix, § 0), to wliirh has ).. .-n 
tdapted a short piece of glass tubing, No. 7. Slip ovi-r tin* iimI ••!' 
thia glass tube a short piece of caoutchouc tubing. Suck p.-iit ••( ihi* 
air ont of the flask, and then nip the caoutchouc IuIh* witli thiiinb 
[ and finger, so that no air shall re-entiT. IninuT-i- tin- rink I'l tin- 
flask in a basin of water, and ivlease th»* caoutrhouc- twlH-. W'aiir 
will instantly rise into the flask to take the place of tlic air w hii li Iia^ 
been sucked out 

7. The water, in this experiment, U forced into tin- llask 
by the pressure of the superincumbent atmosphere. Air has 
weight, a litre of dry air, at the temperature of 0°, wei^diin;^' 
1.2932 gramme. It has been determined that tin* force with 
which the air is attracted to the earth is (»n an avera«,'e (Mpial 
to a weight of 1.033 kilogramme to the square centimetre of 
surface. That is to say, the.oceiin of air above us j»resses down 
upon every square centimetre of the e^irth's surface with a iorc»* 
equal to that which would be exerted by a bar of metal, or other 
substance, a centimetre square in section and long e.nough to 
weigh 1.033 kilogramme. If such a bar were constructed of, 
iron, it would be 1.3. metre long ; if of water, — and a bar of 
this substance can readily be made ])y enclosing the water in a 
tube, — it would be 10.33 metres long. 

In addition to the ([ualities already mentioned, wo find air to 

he tasteless and odorless ; it is also colorless when in small 

depths hut exhibits a blue tijit when seen iiv W\i;a TCkSVSSfc!&, ^v& 

wAen in the absence of clouds we look at the sk^ OT a\. «b ^^'•' 
iDounta/n, 
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8. We will now proceed to study the chemical properties of 
air, first asking the question, Of what is air composed f When 
a bar of iron is heated in the air, as at a blacksmith's forge, it 
becomes cotered with a coating, which flies off in scales when 
the iron is beaten upon the anvil. If a piece of wire or ribbon 
made of the metal magnesium be touched with a match, it will 
take fire and bum, and be entirely converted into white ashes. : 
With the exception of gold, silver, platinum and a few other 
exceedingly rare metals, all the metals bum, or rust, when 
heated in the air. If no air be present, this mst or ashes will 
not be formed, ho'vyever long or intensely the metal may be ■ 
heated. But in what manner is the rust formed 1 Is something 
driven out of the metal into the air, or does something come 
out of the air and unite with the metal 1 This question may be . 
answered by experiment. If a weighed quantity of tin-foil - 
be heated in a porcelain dish over the gas-lamp, the metal is 
gradually converted into white ashes. When all the metal has . 
thus been changed, and the ashes have been allowed to cool, it 
will be found that the ashes are very sensibly heavier than the 
original metal. 

9. It is possible that during the heating the metal may 
have lost something, but it is certain that it has gained more. 
We have, therefore, taken something out of the air, which, 
gaseous in the air, has become solid in the white ashes of the " 
tin. It would be possible to recover from the tin-rust the some* 
ihing thus taken from the atmosphere, and to compare it with 
common air, and so learn whether the matter which combined 
with the heated tin is air itself, or only a part of the air. The 
process, however, would be a circuitous one. From the rust 
of other common metals, as from that of mercury, for example, 
the absorbed gas can be very easily expelled. If metallio - 
mercury be heated for a long time in the air, it will be en»^ 
tirely converted into a red substance known as ** red oxide of 
mercury." 



>. 3. — Put into a tube of hard gVaaa, "^o. % %\>o\xfe VL c,. m. long 
lOgmnimes of the red mercury oxide. TwVy^a oi ^i«s^ ^wj^ W fws.. 
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puipmes, will be heit?after tlosigtintM om ** i;;iiiii"ntii!i«-v" Atfi h !«• 

thia ignition-tube, l>y iiii*aii'« i»f a iHTfunitfil n»ik ft i-;ioiit< )i><ii< ••i'>|< 

per, a delivery-tube of i^Iju*?*, No. s, y^g^ .^^ 

of sach Bhi\Mi and leii;j:th tluit it 

shall reach beiieatli tin* invi-rtnl 

saucer in the pan of wati-r, as if- 

piesented in Fig. 2 ; th«.* Inwi-r i-rn! 

of theignitioii-tulx; shoiiM lu* alNiut 

4 cm. above the top of the lamp. 

The tube may be «upport«l on the 

inm stand, and should Ije incliiicHl 

as represented in the fi*jjuri*. (For 

a description of the pneumatic trough, sih* ApiNMnlix, ^ W.) 

Upon heating the ignition-tulH*, gan will U-^in i«» i-iajn- IVmih tin- 
delivery-tube, and bubble up througli the watiT. Thr lir-t p"i!i":i \- 
simply the atmospheric air which fille<l th<* tulK-« at thi- I"_:iiiiiiii4 
of the experiment, and which is e.xi»iin<leil by ln*at. Tlii^- .lir rn.iv I-.- 
collected in a email bottle by itself, an<l llmiwii away. Tin- \'li;iiii- 
of gaa thus thrown away should not U* much givali-r tliaii tli.tt ■•! [In- 
tul)es. As the ignition-tube IxM-onies hotter, gas will In- IVim Iv •.:i\iii 
off from the mercury oxide contained in it, and ^ihlluld In- inlb-i ti->l in 
bottles of 100 to 150 c. c. capacity. 

It is necessary to avoid heating intensely any singb* .".luiill spnt «if 
the ignition-tube, lest the glass soften, and, yii-ldiiig tn thr |»n'>>un* 
from within, blow outwanl, aiul so spoil the tuln* and anrst th»- rx- 
periment The gas-flame should Ije so placed and n-gubiti*d as to hrat 
3 or 4 c m. of the tube at once. 

As soon as the disengagement of g:us slackens, lift the iion stand 
np, and take the delivery-tube out of the water, taking ran* tliat no 
water remains in the end of the tube. Then, ami ant till thtv, extin- 
guish the lamp. (See Appendix, § 11.) In tin* upper part of th(» 
^tion-tube, and sometimes in the ileli very-tube alsr), nn'tallic nier- 
CQiy will be found condensed in minute globules. The Ii<piid metal 
is volatile at the temperature to which it has l)e(;n sulijected, and bits 
billed away from the hot part of the tube, and condensed upon the 
cooler part. 

If a lighted splinter of soft wood be introduced into a bottlo of the 
gas just c(dlected, it will bum with much greater brilliancy than in 
the air. If a candle which has just been extingiushed be thrust, while 
the wick still glows, into another bottle of the gaa, the g\oV\w^^N\*i^iv V^ 
hant into dame, and the candle will burn with extraoTd\ivaTj\iTv^\\jw*^'^'» 
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10. It is very obvious, from these experiments, that the gas 
which enters into the composition of mercury-rust is not air 
itself ; but, since it came originally from the air, if it is not the 
whole of air, it must be a part of air. It has, indeed, been found 
to be a constant constituent of the air, and a chemical ele* 
ment of very various powers and great importance. It is called 
oxygen, and under this name will form the subject of the next 
chapter. 

11. If oxygen be not air itself, but only a constituent of air, 
it follows that air must have other constituents, or, at least, one 
other constituent. If mercury be heated for a long time in 
contact with a certain confined portion of air, it will abstract 
from this air all of the oxygen, and there will be left 
a gas differing from both oxygen and common air. It Ib . 
unfit for the support of combustion and of animal life ; a candle ; 
is instantly extinguished by it, as if plunged in water ; and ' 
small animals, thrust into the gas, die in a few seconds. The 
gas is, in reality, a second elementary substance, distinguished 
by marked chemical and physical peculiarities. It is called 
nitrogen, and under this name will be more completely studied 
in another chapter. 

If the experiment be so conducted that the bulk of the original air. 
and also that of the residual nitrogen, can be measured, it will be 
found that the latter gas occupies four-fifths as much space as the air 
did at the beginning of the experiment. Besides oxygen and nitrogen, 
minute quantities of two or three other gases are found in the air, 
either uniformly or occasionally ; but the amount of these gases is 
relatively very small, and they will not be considered at present. 

The air, then, is not an element, but is a complex substance ; 
and its two principal ingredients are the elementary bodies, oxy- 
gen and nitrogen, mixed in the proportion of four measures of 
nitrogen to one of oxygen. 



}U] OlYUKS, ij 



CHACTER IL 

OXTfiXV. 

12. Oxygen, gas may be obtained, a» hiis aln*siil y }m*i'Ii st-i-ii. 
by heating mercury oxide: it may, bowuwr, 1h* ]in)i;inHi in .i 

I Tanety of ways ; among others, and very mnvcnifiitlv, liv lii-.it 
ing a mixture of potassium chlorate and luan^'-ani's** biifixiiii-. 
—two chemical substances whose constitutidn will U* >tu<Ii<il 
beieafter. 

E^i. — Mix intimately 5 gramniea of ]M)taMiuiii rhhintti* \\\\\\ Ti 
grammes of *' black oxide of manganese," which has U-ni pivvinu-ly 
well dried. Place the mixture in a tulie of hanl ^lass. No. 1, 1:2 m- 
15 c m. in length. Attach to this ignition-tulH% hy nn-aiis nf a |mi- 
iorated cork or caoutchouc stopper, a deli very- tiiln* nf ^'la>s, Ni.. 7, ;i> 
n^ieaented in Fig. 2, and described upon i»a<^'c 7. H«'at the iiiixtiiM- in 
the ignition-tube, and collect the gas which will Ih* \(\\v\\ oil' in l>«itt]i<( 
or jaiB of the capacity of about 250 c. c. The tirst 1(K) c. c. or s»» nl «:as 
\ should be rejected, since it will be contaminateil with the air nri;:inally 
eontained in the apparatus. 

In performing this experiment, the following precautions shouM Ik; 
observed. 1. Both the potassium chlorate and the nian^^ancse Itin- 
Qxide should be perfectly dry and pui-e ; that is, five from moisture, 
dnsfc or particles of organic matter. 2. As soon as the oxyj^'i-n hej^'ins 
to he deUvered, the heat beneath the igiiition-tuhe should l)e dimin- 
ished, if need be, and so regulated that the evolution of gas shall I Hi 
tranquil and uniform. 3. The uppermost portions of the mixture 
should be heated before the lower. 4. The ignition-tube shouhl never 
be filled to more than one-third its total capacity, lest particles of solid 
matter be projected into the deliVery-tuln?, and the outlet for the gas 
be thus stopped. 5. The ignition-tube should always be inclined as 
Kpresented in Fig. 2, and never placed upright in the flame. 

13. Oxygen is a transparent and colorless gas, not to be dis- 
\ gnished by its aspect from atmospheric air. Like air, it has 

either taste nor smell. It is, however, somewKat bftavier 
'sn air. If the weight of a measure of air \)e X.«kew ^^ \^ 

r 



10 OXYGEN SUPPORTS VOMBUSTIOX. ["§ 14 

then the weight of the same measure of oxygen is found to be 
1.1056. One of its most striking characteristics is its power 
of making tilings bum. This has been already illustrated in 
Exp. 3, § 9. 

If a piece of phosphorus the size of a small pea, having been well 
dried l)etween pieces of blotting-paper, is placed in a deflagrating- 
spoon, touched with a hot wire or a lighted match, and then thrust 
into a jar of oxygen, it will bum with intense brilliancy, and with the 
fonnation of a dense white smoke. The following experiments will 
still further illustrate this property of oxygen ; — 

fIk. 3. Bxp. 5. — Place in a deflagrating-spoon (see Appendix, 
§ 13) a bit of sulphur as large as a pea. Light the sulphur, 
and thrust it into a bottle of oxygen. It will bum with a 
beautiful blue flame, and much more brilliantly than in air. 
A suffocating gas is at the same time produced. 

Zizp. 6. — Place a piece of charcoal — that of bark is best 

— in a deflagrating-spoon. Kindle the charcoal by holding it 

in the flame of a lamp, and then introduce it into a bottle of 

oxygen. It will burn vividly, throwing off brilliant sparks 

if bark-charcoal had been employed. In this experiment, as in the 

preceding, the products of the combustion are obviously gaseous, no 

solid substance being formed. 

Many substances commonly called incombustible because they do not 
bum readily in ordinary air, bum vigorously in oxygen. Of these, me- 
Fi«. 4. tallic iron may be taken as an example. A watch-spring, which 
has been rendered flexible by igniting it and allowing it to 
cool slowly, is made into a spiral coil, and to the end is at- 
tached a bit of tinder or of twine soaked in sulphur. If the 
kindling-material be lighted, and the spiral then plunged into 
ajar of oxygen, the iron will bum brilliantly with scintillation. 
From time to time, glowing balls of molten matter fall off from 
the wire, and bury themselves in the layer of sand which 
should have been placed at the bottom of the bottle. 

14. It is thus clearly proved that iron, when red-hot, com- 
bines with oxygen. It is the burnt or oxidized iron which falk 
in globules to the bottom of the bottle. The compounds wEifch 
are formed bj the union of oxygen with other elements are callecl 
oxides. The substances which have been Yifct^toiot^ TCL^TL\Asycvfe\' 
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onder the more familiar name of niflt, like inn ni-t, tin ruM. 
mercury-ruAt, are called, in chemiKtn% oxidat; iih inin nxitii*. tin 
oiide, mercury oxide. 

15. The most important quality of nxy;^'ii in, tliut. with ii 

single exception, it unites with all tin* (itlirr flmifnti t" l-ani 

compounds which are sometimes solid, ib< in the r.i.*M* i>t' ii*'ii. 

and sometimes gaseous, as in the caso of Hu)]iliur (Ezp. 5;. 

Oxygen is the most widely diffused and th(> most ahundant •>) 

all known substances. Not only d(K»8 it const ituto alntut nn<- 

fifth the volume of the air, but at least onc-thinl of tin* snljil 

crastof the globe is composed of it. It is the chief in^n'difiit 

of water, as will appear in a sulisec|uent chiiptcr. Si lira, in 

all its Yarieties of sand, flint, quartz, rock-crystal, etc., contains 

about half its weight of oxygen ; and the sann* is true of thi* 

Tarious kinds of clay, and of chalk, limeston(> and niarl»h*. It 

enters largely into the composition of plants and animals, and 

is absolutely essential to the maintenance of animal and vc;^!* 

table life. 

16. The combination of oxygen with various Kuhstan<'is is 
often accompanied by the development of li^dit ami heat, as in 
bpi 5 and 6. All the ordinary phenomena of lin*. and li<^'ht 
which we daily witness depend upon the union of the ImmIv 
burned with the oxygen of the air. Indeed, the term combus- 
tioa may, for all ordinary purposes, be reg-arded as synonymous 
with oxidation. 
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I 17. The simplist method of preparing nitrogen is to bum 
lilt the oxygen from a conRned portion of air, by i^\iO^\!tv.Q!tv\& q\ 
W^a Jet of hydrogen. 
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. 7. — Into a small porcelain capsule, supported on a piece 

of stout iion wire bent as represented in Fig. 5, put about a cubic 

centimetre of phosphorus, and set it on fire. Invert over the capsule 

fik. 5. A wide-mouthed bottle, of the capacity 

of a litre or more, and hold this bottle 
so that its mouth shall dip beneath 
the surface of the water. During the 
first moments of the combustion, the 
heat developed thereby will cause the 
air within the bottle to expand to such '* 
an extent, that a few bubbles of the air 
will be expelled ; but, after several see*, 
onds, water will rise into the bottle to 
take the place of the oxygen, which has united with the phosphorus. 
The dense white cloud which fills the bottle at first is a compound 
of phosphorus and oxygen, which is soluble in water. It will, there- 
fore, soon be absorbed by the water in the pan, and will disappear ; so ■ 
that at the close of the experiment nearly pure nitrogen will be left i 
in the bottle. But, as the phosphorus ceases to bum before the last " 
traces of oxygen are exhausted, the nitrogen obtained by this method 
is never absolutely pure. 

Remove the wire with the capsule, which may be readily done by . 
tipping the bottle to one side, taking care that the mouth does not 
come out of the water, and slip a glass plate under the mouth of the. ^ 
bottle ; invert the bottle so that it stands upright, and thrust a bum?* ; 
ing splinter of wood or a lighted candle into the gas ; it will be in- ^ 
stantly extinguished. 

Nitrogen may also be prepared by passing a slow stream of air over ; 
bright copper-turnings heated to redness in a hard glass tube. The « 
copper combines with the oxygen of the air, and retains it ; while the ■ f 
nitrogen escapes from the tube, and may be collected over water. 

18. Nitrogen is a transparent, colorless, tasteless, odorless 'l 
gas, not quite as heavy as air. In its chemical deportment '^ 
towards other substances, it is remarkably unlike oxygen. :J 
Whilst oxygen is active and, as it were, aggressive, nitrogen, *^ 
at least when in the condition in which it exists in air, is re- 1 
markably inert and indifferent as regards entering into combi 
nation with other bodies. It is marked rather by the absenoi 
of salient characteristics than by any active properties of its ■ 
own. ^ 
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As it extinguishes flames, so it dciitroys lift*. Aiijinalri cisi 
not live in an atmasphere of pure nitn)K<^n. It in unt |miis<iii 
ous ; if it were, it couM not l>c br(iiith«Ml in Hurh l.ir^'i- i|ii.iiiti 
ties as it is in air. An aiiiiual ininienu^il in it «li«*H Hiiiiplv t'n'in 
want of oxygen. 

Nitrogen is widely diffurttitl in natun*. ]J<?rtiil«»M iH-riirniiv' 
in the air, it is a constituent ])art of all aninials ainl vivi- 
tables, and of many of the products nwultiu}; fh>in tlnir di*- 
composition. Notwithstanding the iiuliKixmition of nilio^'cn 
in the free state to enter into combinatioii, a very lar^'t* luiin 
ber of interesting and important coniiK)unds can be foriiit-d by 
resortmg to indirect methods of efTecting its union with otiitT 
elements. 



CHAFl'ER IV. 

WATER. 

19. Another natural substance, quite as common its air, is 
water. Three-fourths of the earth's surfacro is covt'n'd with it. 
It is diffused through the atmosphere in the form of vapor, and 
18 a constituent of all animal and vegctabh* substances and of 
Diaay minerals. We take up next this familiar siibstiuuM', in 
order that we may gain, through the study of it, a deeper insi^lit 
into chemical principles, and enlarge our experience by making 
Acquaintance with a new element. 

20. At the ordinary temperature of the air, pure wat<^r is a 
transparent liquid, devoid of taste or smell. In tliin layers, it 
•ppears to be colorless ; but large masses of it are distinctly 
blue, as seen in mid-ocean, in many deep lakes of pure wat(T, 
tod in masses of ice, such as icebergs and some glaciers, where 
it is possible to look through the ice from below. 

21. At 4°, the temperature at which it is densest, water is 

^3 times heavier than air at 0°. A cubic centimetre of water, 

I It this temperature, weighed in a vacuum, is out \\m\. oi \?^\^\.^ 

2 
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— a pramme; therefore, one litre of water, which measoies 
1,000 cubic centimetres, weighs a kilogramme. 

Pure water at 4°, the temperature of its greatest density, i* 
taken as a sttmdard to which the weights of equal bulks of other 
substances, li(]ui(l or solid, are referred. In other words, the 
specific gravity of water is taken as 1 ; and in terms of this ': 
unit the siiecific gravities of all other liquid and solid substanosi 1 
are expressed. The specific gravity of gold, for example, is 19.3; . 
that is to say, the weights of equal bulks of water and of goU ■ 
are to one another as 1 to 19.3. \ 

22. When exposed to a certain degree of cold, water oryittt -^ 
lizes with formation of ice, or snow, according to circumstances ; : 
and, upon being heated sufficiently, it is transformed into an ^ 
invisible gas, called steam. Both these changes, however, aie^^ 
purely physical : the chemical composition of the water is the 
same, whether it be liquid, solid or gaseous. The tempeiatmi 
at which ice melts is one of the fixed points of the centigrade 
thermometer, numbered 0°, and the temperature at which 
boils, under a pressure of 760^m. m. of mercury, is the otho^S 
^ed point, numbered 100°. Water evaporates at all temperarf 
tures, and is therefore a constant ingredient of the atmosphem - 
Even ice slowly evaporates, at temperatures far below 0®, withonki 
first passing into the liquid condition. 

In crystallizing, that is to say, in assuming the solid foan^ 
water increases in volume. From this fact result many fe: 
phenomena, such as the floating of ice, the upheaving and disi 
tegrating action of frost, and the bursting of pipes and oi 
hollow vessels, when water is frozen in them. 

Steam is a colorless, transparent gas, as invisible as 
pheric air, and considerably lighter than it. When steam 
capes into the air, there is formed a multitude of little bub 
or vesicles, composed of a film of water filled with air, p 
similar to the vesicles seen in clouds and fogs. This steam-clof 
is sometimes improperly spoken of as steam or vapor, an en 
against which the student should be upon his guard. Simil 
foga of air-Mled vesicles are formed whenever the atmosphere 
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cooletl to a teiiip€*riture so If>w that tli«* ikuhmkih vji|M»r f"iit.iiii' .1 

in it can no longer exist in the ;:;u«miuh ^^lali*. 

AVater conducts hoat vorv slnwlv : it ni.iv ovi-ii )m' Im.-I. -i l. r 
many minutes at the tnj» i»f a t«*s*t tul»f. wiiiii- ih<* l«.wrr 1 1:-! 1 
the tube is liehl in tlie tin^'ers witlinui iiirnnvniiiMi'-i'. 

23. Let us now jijiss t<> th** analyiii «'f waiir. nf uht! i- 
water compose<n We can lU'tiTinin*' tliis jiiiint hy niiili'i- 
similar to those which were adoptcil in the fxaiuinatiiiii «>1 .lir. 
At a low red heat water can Ik* (li'cnniiNis<*ii hy ^(•vl•|■:ll "•! tlif 
metals, such as iron, tin, zinc and nia>;n>->iuni. Iron i- ui 11 
adapted for this purpos<». 

If water bd boiled in a s^uitalfle flank, and tlu* stt-iuii ]ia*^Mil tliii<ii..'h 
an iron tube (a i>iece of iron gaw-jiijK* auswri'^ vrry wi-ll) tilb-il with 
bri^rht intn-tuniing^, and heated ml-hot, the >te:ini i^ (hMniii|M.>«-il : 
a giis a^apes from the tuU*, and may \h: coUeiictl ov»r wat«i. i 'n 
the application of a mutch, the gas will burn willi a jialr Mm- tt.nMi-. 
This gas i:) one of the constituents of water, and In railed hydrogen. 
Rafter the tul>e has become cold, the iron-turiiiii^'s Ite i-i-iiiii\«<i. tiii\ 
will be found to be covered with a black coatinj,' Muiilar tn tliai \\ hi- li 
fonns on iron heated in the air. 

24. There are certain metals which an* capable of d«M (»ni|» -iiiL: 
water without the application of heat. The metal sodiuin im'> 
Besses this power. 

Bxp. 8. — Make a small cylinder of wiie-j^auzr, by rolling; a ]•{«•(■»• 
cf fine gauze, about 6 c. m. si|uai'e, around a tliiik j tit-re of No. <; 
gJwB tubing. Twist fine wire around the cylinder, in nnler tt» |>n-- 
*rveits fonn ; then slip the cylinder off the j^hiss, and rhise ont- <n<l 
of it by pressure with a stout pair of jiinceis. Witliin this cylinder 
rfwiie-gauze place' a piece of metallic s<Mliuni as lar^'r as a j)ea, and 
ften close the upper end of the cylinder by prejfsure with the jancei-^, 
• be!()re. 

Attach the wire-gauze cage firndy 
to the end of a piece of stout iron wire 
■id thrust it quickly into the water- 
pan, so that the cage will come di- 
"Bctly under the mouth of a small 
wttle of about 10() c. c. cnpacity, 
which has been previously filled with 
9Mter, and is held inverted in the 
'fn(rig, 6). 



Fiff. 6. 
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As soon as the water comes in contact with the sodiiuUy bubblu of 
^ will begin to escape from the wire-gauze cage, and, passing up 
through the water, will collect at the top of the inverted bottk 
When the evolution of gas has ceased, close the month of the bottk 
with a small plate of glass, turn the bottle mouth uppermost, remove 
. the plate, and touch a lighted match to the gas. The gas will take 
fire with a sudden flash. The gas is hydrogen; the sodium hM 
united with the other constituent (or constituents) of the portion q( 
water decomposed, and the new compound formed is dissolved by tin 
water in the pan. 

25. By these experiments it has been proved that one ol 
th(3 components of water is a gas called hydrogeiL Bat, wxQ 
the exception of the coating upon the iron alluded to ii 
§ 23, we have as yet nothing to indicate what other ill 
gredieiits the water may contain. Such evidence can, li0# 
ever, be readily obtained by resorting to another method el 
analysis. 

If a galvanic current is caused to flow through water, the force bg 
Fiff. 7. which the constituents of the water are held togetfafl 
will be overcome, and the water will be resolved iott 
the elements of which it is composed. On immeiii> 
ing the platinum poles of a galvanic batteij % 
water, to which a little sulphuric acid has \A 
added for the purpose of increasing its condoctfaijj 
power, minute bubbles of gis will immediately U 
given off from these poles, and will be seen ri8ii| 
through the liquiil. If the apparatus be so arrange 
that we can collect the gas given off from each pajK 
in a test-tube filled with water to which a little 
phuric acid has been added, it will be found 
twice as much gas has collected in the one tube \ 
the other. If the test-tube containing the 

volume of gas be now closed with the thumb, 

mouth uppermost, and the gas within touched witb:] 

lighted match, it will take fire and burn with the characteristic flani( 

of hydrogen. It is, in fact, hydrogen. If the smaller volume o| 

gas in the other tube be examined in the same way, it will not id 

ffnme, although it gives intense brilliancy to the combustion of tb 

match. If a splinter of wood, retaining "but a sm^^ igcvSX.^ «'^a:^\ 
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immersed in the gas, it inBtaiitly exhiliitji a viviil iiiraiiili*5*t-i-ii(:<-. aii'l 
in a moment bursti) into flame. Thin \pin in oxygen. 

It is thus proverl, that nut of watvr iimv Im* mii1<mim*iI ihh \>iIiiiii'-- 

of hydrogen, and one vuliinR' nf nxy^i'U. It n-ni.iiii«> i vil.- ti.< i 

wecan produce water I'nini a niixtiin' of i>xy^«Mi :ui<l iw Un^t-u. It »•• 
introduce into a stout tvst-tuUr a mixture nt'twii vtiiumr" ••! ii\ili>>jiii 
and one vohime of oxygen, on tour.hin;^ a li^^blol uialch t<i ihr miX'-'l 
gas it instantly explodes with gre.it violence, thi* hydiifpti-n Imiiihii^' 
saddenlv, so that for a moment a tiaith of lluuii' till> thi* wh«d<- inh iii'i 
uf the tube. After the expli>sion, water will lie loun*! ili-jnoiiiil .1- 
dew upon the inner walls of the tulx*. 

At the temperature of the uir, and umler on I i nary cin uiii.-*t.iii< • -, 
ozTgen and hydrogen do ni»t combine chemically. rjMUi )•• im^* 
hrought together they 8ini]»Iy mix with ime anotht'r niechaniiallv. in 
eonformity with the physical laws which govi-rn tlie diiruMuii ul i^.»-i««. 
Bat under the influence of heat, of electricity and i>f rertain ••tliii 
4geiit)<,the two gases will unite chemically, and will thus a^^.iin In- 
inverted into the water from whence they were deriwd. 

26. We have thus edtablished the coinjHtsitinn of water 1 y 

' ttalyns, haWng, through the agency of tlio tdeetri*- lurrt'iii. 

iBBolved water into two gaseous constituents, hydrogen and 

ttygen; and we have also demonstrat4Ml, by tin- rnnv.r.r c.r 

; Vnthetical method, that hydrogen and oxygen an* its ..nly 

f ftfflstituents, since we have repr(M.luc(Ml wat».*r l>y elfertin.i: tin' 

f Aemical union of these two elementary materials mixed in due 

Iroportion. There is one important point in tlie eonibination 

rf these elements still to be considered. If tlie union of the 

•fclrogen and oxygen be elfected in an ajkparatus so arran.L^ed 

•Bttthe water formed by the combination is kept at such a lii^di 

; temperature, that it remains in the gaseous condition undiT 

rtich it is known as dry steam, it is found that the two vol- 

! ■ttes of hydrogen and one volume of oxygen whi(*h were mixed 

: fc^her have become compacted by uniting chemically into two 

f lolanies of steam. 

t If equal volumes of hydrogen and oxygen be repr(>sontod by 

Wal squares, having the initials of the elenun\ts inscribed 

maein, the composition of water by volume, and t\iB coTv^ewsa.- 
^ 2* 
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ATOMS AND MOLECULES, 





tion which occurs when the chemical union of the ele: 
takes place, may be thus expressed to the eye : 

Each smallest pc 
or greatest conceivabl 
ume of steam will in 
bly yield, on decompoi 
its own volume of 1 
gen, and half its volu] 
oxygen. 
27. It has been agreed among chemists to call by the 
moleoille the least quantity of a compound, or of an elem( 
substance which can exist by itself uncombined, or take 
in any chemical process. The smallest conceivable porti( 
water (which by this definition is called the molecule) lik< 
larger quantity of water, is made up of hydrogen and ox 
and if decomposed would yield twice as large a volui] 
hydrogen as of oxygen. The smaller masses of matter y 
make up the molecules are called atoms. The term atom 
be defined as the smallest quantity of an element whicl 
be conceived to exist in combination. A molecule, as a 
contains more than one atom, and may contain a great nui 
these atoms may be all of one kind, in which case the mo 
is that of a simple substance, or they may be of several kin 
in the molecules of compound substances. 

There is good reason to believe that equal volumes o 
elementary gases, oxygen and hydrogen (also nitrogen and 
rine to be studied hereafter) contain the same number of a 
(See § 140.) If this be true there will be in the moleci 
water twice as many atoms of hydrogen as of oxygen, be 
when any quantity of water whatever is decomposed, it ] 
twice as much hydrogen by volume as oxygen. The s} 
HjO, which has been already used to indicate the volur 
composition of water (§ 26), may also be used to indicat 
atomic composition ; the H, will represent two atoms of hydr 
the O an atom of oxygen, and the H^O a molecule of water. 
28. It must be distinctly borne in mmOi lY^sA, «ja \« \.\v^ 
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lute size of the at(>n1^<, wc know iinthiii;^ ; tli«* Kiim* tlmi.* i- 
true with regiird t<i their ah.«iliit4* wt-i^'lit. It is liiiw«\.i. ii..t 
difficult to ilt'temiiiie tliiMr n-lativf wri;:lit. Jfwi* tiki- li.. . » .. 
of hydrogen and oxy«^i'n, any pvi-n hulk (if nxyji-u w. ;. I.- 1«; 
tioics as much as tht; .siimt hulk uf hydni^^cii. an-I ;ls th<ii- .in- 
the same number of atoms in i'\\\i\x\ Inilks df thiNC tu<i ;-i- . 
the single atom of oxyj^rn must Wfi^rh 10 tinn-s :l-^ nni- h i' i'..-- 
single atom of hydrogen. The numlHTs I auil Hi ar>'i.illi<l i!. 
itomic weights of hydro^n ami uxy<^*n, n'sjM-rtivt ly. ainl \\ 
possible, although not alwayn by tho same mi-thnil, tn iliti ^li.:ll•■ 
the relative weights of tho at«ira8 of all the «lriiii-iit>. 1 li«* 
atomic weight is, in each catM',, n>fi:rnMl tt> that of hyiir>;j>ii, 
which is called 1. 

If the atomic weip^hts of hydro;^n and (»xy^«'n Im* iHirni- in 
mind, the symbol of wati.*r, H^O, will now remind us nf th<- ri.ni 
position of water hy weight , for as each niolcculi* of w.it«'i- i^ 
made up of two atoms of hydrogen and one atom of i>\y;:«'ii, thi* 
proportion by weight in which thttso two chMncnU an^ ruinhiri<'d 
tof*ether will be as 2 to 16, or as 1 to 8. 

29. Having thus 8ucceede<l in di,'tonnining thr rnnsiitufiitR 
of air and water, we are naturally Iwl to impiin' whi'tluT it 1m« 
not possible to resolve oxygen, nitn)g(^n ami hydro^^Mi lhiMnsi*lv«s 
into simpler forms of matter. To this (jii<'sti<»n hut oiif aiiswrr 
«an be made, namely, that oxygen, nitn)g<»n and hy<ln»;;«*n an< 
incapable of decomposition by any mc-aus as yet at our (lis]»osjiL 
Ve are, therefore, justified in rt»ganling tln'>i' gasi-s as si w pie 
Mies, or elementl, in contradistinction t-o d(M*ompos;ihI(* hndics, 
■och as air and water. 

80. The water which occurs in natum is novor ahsoluti*ly 
pore. In the form of ice, and as it falls from the (;louds jis 
ain or snow, it is, indeed, tolerably fn'o. from foreign sub- 
rtances ; but, after having once soaked into tho ground, it Ik.*- 
ttmes charged with a variety of mineral and other substaiu-es, 
viiich, being soluble in water, are dissolved by it as it trickles 
through the earth. 

Where the proportion of soluble matter contained iiv t\\^ \f^\feT 
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is anDsnally large, and particularly if it possesses marked medi 
cinal properties, the water is called mineral water, and the springi 
from which it issues are known as mineral springs. Sea-wate 
may be regarded as a variety of mineral water. 

31. For the conduct of chemical investigations, it is often 
necessary to purify natural water. This is done by a piooea 
called distillatioiL As a general rule, distilled water is employed 
ill all delicate chemical operations. 

Ezp. 9. — In a retort of 500 c c capacity, put 200 or 300 c. c of 
Pijp. 8. well-water. Thrust the neck of ibe ' 

retort into a half-litre receiver placed in 
a pan of cold water. Cover the re- 
ceiver with a cloth or with coarse paper, 
and upon this pour cold water irom 
time to time, or pile upon i^ fragmenti , 
of ice. Place the retort upon wlie- \ 
gauze, on a ring of the iron lamp-stand, 
and adjust the distance of the refeott j 
from the lamp as described in Exp. \ 
Fig. 2. Light the lamp beneath the retort, and bring the ¥rater to '- 
boiling. • As fast as the water in the retort is converted into steonii \ 
this vapor will pass over into the cold receiver, and will there be oon- \ 
densed again to the liquid condition. Continue to boil until abonl ' 
three-quarters of the water in the retort has evaporated. 'Z 

The earthy and saline ingredients of well-water are for the mort::?^ 
part not volatile : very few of them are capable of accompanying UtatX 
water as it goes off in vapor ; hence the greater part of the oiiginaL ? 
impurity of the water will remain behind in the retort ; 

Zbcp. 9 a. — Place a few drops of the distilled water obtained in : 
the preceding experiment upon a piece of platinum-foil (Appendix,:<j 
§ 14). Hold the foil with iron pincers above the gas-flame in such m\ 
manner that the liquid may slowly evaporate without boiling or] 
spirting. After the water has disappeared, no residue will be foi 
upon the foil. Take now the same number of drops of water 
out the retort, and evaporate them upon the foil as before. A verj^ 
decided residue of earthy matter will be left upon the foil. 

32. In the operation of distillation, the substance to bej 
distilled must in the first place be converted into the condition 
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of vapor; this vapor must next be transfcmd t4» another vis.^I, 
and there, by refrigeration, Ije apiin ciinilf*nM'<I to thi* hi|ui'i 
state. As will appear from the ftir<f^f»iii;; f'X]MTimi'iit. t)ii> 
Yaporization is effec^ted in the retort or itill, iiiul tin* n t'ri;.'i n 
ticn in the condfillier. In tin* cxiNTinifnt aliovf ^'ivtn. i)i<- 
receiver acts at once us receiver and nindciixT ; hut in ininy 
cases it is better to interpose a ccK)lin;^-apiKinitus Utu-n -n tKi- 
retort and the receiver. A convenient form Jif >nrli ji|i|i.ir.itiis, 
known as Liebig^i condenser, is arnin;;ed hi that tin* \a|».r t • 
be condensed must jkiss into a hm<r tube which is kept < •••■I )•>' 
being enclosed ift a larger tube t1in»ugh which mM wai«T i> iii.i.li* 
to circulate. A figure representing such a cnniimsiT will !»♦• 
fimnd on page 146. 

33. The mineral and other sul«tances alluded t<» alMive ar»- 
not the only impurities of natural wat<'r. It contains alsn oxy ;.'•!» 
and nitrogen in solution, as both of these gaws, whirli an- jinxnt 
in the air, are somewhat soluble in water. That wati r «I«'«s 
actnally contain dissolved gases may be shown by tlie l'nll..\vin;: 
experiment. - 

Bzp. 10. — By means of a pound pcrfonitCMl cork or ranui«]inuc 
rtopper, adapt to a flask of the capacity f»f 1 or -2 liln's a ^'a>-«lrlivriy 
tQbe,Ko. 6, long enough to reach to the watir-i»jin in the \\>\m\ way. 
Upon the outer end of the delivery-tube tie a short }iie(e of caoutrlmiic 
tubing, to which a stopper made (»f a bit ol" ^dass ru<l, or a wt>«Mh-n 
ph^ has been fitted. Fill the fltisk foniiHetely with onlinary well or 
lirer water ; fill also the delivery-tube with water, and il«)sc it hy 
patting the stopper in the caoutchouc tube, r'arel'iilly i)la<f tlie cork 
rf the delivery-tube in the neck of the flask in siuh manner tliat no 
lir shall be entangled by the cork ; at the same moment remove the 
plogfrom the delivery-tube, and finally press the cork finnly into the 
ittk. Both flask and tube will now be completely full of water. 
Race the dried flask upon a ring of the iron stand, and invert a bottle 
filed with water over the end of the delivery-tube. Now Bh)wly 
hing the contents of the ilask to boiling. 

As the water gradually becomes warm, numerous little bubbles of 
JMwill be seen to separate from the litpiid, and to collect upon the 
lideB of the Sask ; these subsequenily coalesce to lai^ci WXAA^^ 
^fiksA collect in the neck of the flask. As soon as the Vf%\j&T a,c,\.\\»X\:3 
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boils, the steam will force this gas out of the flask, and it will ooUed 
in the inverted bottle at the end of the delivery-tube, the steam bein| 
meanwhile condensed as fast as it comes in contact with the cold watea 
in the pan. By continuing to boil moderately during ten or fifteec 
minutes, nearly all the gsis can be swept out from the flask by meani 
of the escaping steam. The deli very- tube may then be lifted ftoa 
the water-pan and the lamp extinguished. As to the exact chatactna 
of the gases thus collected we shall learn something in a subsequenl 
chapter. 

34. As might be inferred from the foregoing, water has flu 
property of dissolving many substances, solid, Jiquid and gat: 
eous. Sugar, for example, dissolves readily in water ; but sand 
is insoluble therein. A substance is said to be soluble in watq| 
when it is capable of being divided in and dispersed thioogfi 
the water so intimately and completely that its particles beconi^ 
invisible, and can no longer be separated by filtration; tbll 
result of this coalescence, or the solution as it is termed, ifr i 
transparent liquid, as a geneml rule scarcely less mobile than thf 
water itself. 

Of the various substances soluble in water, some dissolve IB 
far larger proportion than others. With some liquids, as alcoiiqi 
for example, water can be mixed in any proportion ; but cjl 
ether it dissolves but little, and of oil none. The proportiol 
of any substance that can be dissolved in a given quantity oC 
water is usually limited, and, under fixed conditions, is definiM 
and peculiar for each substance. When a given quantity m 
water has diiisolved as much of a substance as it is capable oC 
dissolving at the temperature and pressure to which it happe^jj 
to be exposed, the solution is said to be saturated. Of neaii) 
all solid substances, hot water dissolves a greater quantity thuil 
coid vaccT : gases, however, are less soluble in hot than in colc 
•valei\ sja already illustrated by Exp. 10. 



CHAPTER V. 
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Vi. The coimnoncrt method of preparing hjdrogm jx lij 
Mng doc or iron with eulphuriv or murintii: luiiL ['iiIi-hh 
Teij lai^ quantities of the gas are necdml, this rai-thm) u much 
DOR eonvenient than either of lliuse beretofuru uiuutiiiuol. 



' SO c. ni. high, ami of 5(K> or ' 
LS an internal ilinnii^tLT of 2.5 1< 



S^ IL — To a boltlu 18 oi 

(^•citj, the mouth of whii:h hi 

il a caoutchouc stopper or a 

nod cork, fiimished with 

t lliiitle-tabe, Fig. 9, and a 

pi deUvery-tnbe, of No. S 

ifu. Within the luttlo put 

U IV 2D gTTOB. (It' grauulated 

■inc, or Hmall Bctapa of the 

wtt metal, and as much 

Wi IS will fill about one- 

tMrtn of the bottle. Replace 

k cork m the bottle, Uking 

we to presB it in tightly, 

■i gtadually pour in com- i 

M muriatic acid through 

fc lhi>t!e-tube. The thialle-tulw must reach nrarly (n tlie luiltnni 

'fcboUle, so that its point may dip lieni'ftth the wati-r ; and ih: 

Uiialicflcid must be added b; emalt »uc<:t.-H-<ivt.' |»irtii>]iH, — nut itmru 

"Oilu^ thimbleful at a time. 
Dntlie addition of the fiiat pnrtinnn of the arid, chciiiicnt ai'ti')it 

'it ensue, the contents of the bottle will ln'rnmii wnnii, mid bh" will 

"Ken to escape from the liquid. Tliifi pix i.j hydmjp'n. 
Af[«rall the air has been expellc<l fnini lint Imtth', the liydr^'cii 

■nbe collected over the waler-piui, in iuvfrtf.! U.llli;* filled with 
to. The moment at which the hyilni'^'u wniaes to be contuniiiniti-il 
b sir can be determined by collccliu}; xmtdl portions of (he esL-iiii- 
gasin wide-moutheil hotUca ofniiout 50 c. c capacity, aad t*aUn'^ 
qoMlity by meana of a lighted match. In doinj^ tiiis tW evwli 
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bottle filled with gas must not be turned over, but should be carefully \ 
lifted from the water without changing its vertical position, and the ] 
lighted match should then be applied to the mouth of the bottik. \ 
If the hydrogen be pure, it will bum tranquilly at the mouth of and 
within the bottle ; but, in case the gas is still mixed with much air, % 
sharp explosion will occur at the moment when the match is touched ] 
to it. In experimenting with hydrogen, no light should ever he- j 
brought into contact with the contents of the bottle in which it if > 
generated, or with any large quantity of the gas, until the -purity of ^ 
the sample, or rather its non-explosive character, has been demon- 
strated by applying to a very small volume of the gas the test abofe ] 
described. 

This experiment, which has here been executed with zinc, can be 
equally well performed with iron-filings, and with several other of the 
less common metals. 

36. We now proceed to study the chemical action whick 
takes place in the above experiment. The muriatic acid, or, vol- 
chemical language, ohlorhydrio acid, which was employoclg^ 
is, in reality, a solution in water of a very soluble gaseous sqIk 
stance, to which the name chlorhydric acid is more strictl^p 
applied. This gaseous substance, the pure chlorhydric acid, 19 
a chemical compound of the element hydrogen and of anotheP 
clement, called chlorine, wliich will shortly be described^ 
The compound may be represented by the symbol HCU^ 
in which H represents, as before, the least proportional weigU^ 
of hydrogen which exists in combination, and CI the least piO-^ 
portional weight of chlorine. We may likewise abbreviate tbo^ 
word zinc to the symbol Zn ; and the chemical process, or T6MS 
tion, by which the hydrogen is liberated, may then be symboliaedl 
by the equation, — 

2 HCl -f Zn = ZnCl, + 2 H. '^i 

Since hydrogen is gas, it escapes as such, and there remainjl 
dissolved in the water within the bottle a compound of tltfj 
elements chlorine and zinc, caUed zinc chloride. The zii 
which was free, enters into combination, and the hydrog€ 
whick was in combination, is set free ; in other words, t*.— 
zinc has been eubstituted for, ox Ivas leplwied, tha hydpo^ 
gen. 



{36.] CHEMICAL aYMBOtA. 2 4a 

It may here be stated that chemiHtn of all nations havf a^tt*'- 1 in 
represent each of the elemeutu l»y ai«yiuliul nkhich coiiPi^ii mi.- r «-i 
the initial letter (if the Latin name of the elniuMii, or. w in !i liii* 
names of two or mure uf the elements In^in with the miinr i> :;• i, -it 
the initial letter, together with the tin*t ut the iiUi-n*itliiii.' liitu" m 
the Latin name, which in (lisiiiictive. Thut* Fe (/"' '*'*/"<! ;. ijic 
symbol of iron, C of irarbon, Ca uf calcium, CI ul « iil>>iiif. .mil Cr 
of chromium. Thet»e MUiltuls 4I0 uut hcrrc himply ^i.- .i)>liii\ i.i!i >:.-. 
bat each stands fur a ainyle atom uf the element iii«hiau«l : j| U'- 
biow the atomic weight of the element, the hvmlKil may Mainl \*> ii< 
aho f or n effr^<7t/i d^niU vevjht of the element in iiuiMinn, n'- \\r )i i\i' 
Been in|26. Li the some section the nymliuls O and H wt-ir ii> <1 
to indicate ons volume of oxvwn and hvdnv'fn. resinrtiwlv : iliis 
Me of the symbols to express volumetric n-Iations i*, linwi-viT, ii-t 
ike same for all the elements, and it will lie treat ii I of in ( 'hapti r X 1. 
A group of these elementary symUtls just <b-srrib<d. wiitjiii tn- 
getker, stands for a molecule nuulc up of the atoms iiidirati'd. TImh 
Hd stands for a molecule containing one atom of liyilii>;ji-ii arnl 
one atom of chlorine ; ZnCl, stands for a molecule niadi- np ••(' niu' 
itomof zinc and two atoms of chlorine ; the lij^nire -1 writti-n '"/»'/• 
ft« K»« applies to the CI alone. If the fi;;ure 2 wcie wiitiiii ir, tJ r 
fii«,and before the symlx)l, it would indic^iti^ twif ninl.Tul'-' il tlii' 
Wnjpound ; as 2 HCl. The knowleilge of the atomic wi'IliIiI- nuilili-^ 
H to use the molecular symlwls to express tlu* »Miiipn>iiiiiii ut" a 
nkstance by weight ; thus we have alivady Si-tii (§ 26) that H^O 
kriicates that in every 18 parts by W(%'ht of wat«r tln-n- an* PI 
pots by- weight of oxygen, and 2 parts by w«-i,L;bt of ]iydr<'i:.n. 
Ib the same way, knowing the atomic wei;;ht of rhlorlrn' to Ih» 
JBA from the 9ymlx)l HCl we loam that in every 3<i.r> parts 
ly weight of chlorhydric acid there are 35.5 parts by weij^'ht of 
Alorine, and 1 part by weight of hvilrocjon. AVe say the molec- 
ular weight of water is 18,* and the niolendar weij^'lit of chlorby- 
teacid is 36.5, meaning that the niolecnle of water wei^His 18 
tiottSyand the molecule of chlorliydric noid 30.5 times as much as 
katom of hydrogen, which is taken ns tlio unit of niolecMilar as 
Hflasof atomic weight. The circunistances under wliicli we may 
Ao learn the voltimetric com]K)siti()n of a compound from the symbol 
frfits molecule, wiJJ he diacusfied hereafter. (See pa*;e "l^X^ 
ivery well-understood chemical action may be expi^^e^ ^^ «xv. 
f f ufhtm . The one just given, 2 HOI -f Zn = ^n^^ -^ ^32L 
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indicates that from the action of 2 molecules of chlorhydric add and 
1 atoui of zinc upon each other, there result 1 molecule of zme 
chloride and 2 atoms of hydrogen. Of course, as the experiment 
actually performed, a vast number of molecules of chlorhydric 
and the corresponding number of atoms of zinc, acted upon each 
other, — the etj nation indicates merely the re2attM number. II 
follows naturally from the very conception of atoms euid molecalei^ 
that whenever chemical action takes place between two bodies, it is 
always between fixed and definite weights of those two bodleSi 
Our knowledge of the atomic weights of the various elements, ena* 
bles us to calculate from the equation what must be the relative priH 
portion by weight of the substances concerned in the action. Thtff- 
atomic weight of zinc is 65, and the molecular weight of chlorhydrb; 
acid is 36.5, and the equation shows us that for every atom of sine 
weighing 65 of our units of weight (the unit being the weight of aa, 
atom of hydrogen), two molecules of chlorhydric acid must be* takea. 
which weigh 73 {i, e., 2 x 36.5) of these same units: moreov«ar^. 
from the action on each other of these amounts of zinc and chlop^ 
hydric acid, there are formed one molecule of zinc chloride, weighing' 
136 (i. e., 65 + 71), and two atoms of hydrogen weighing 2 of theaa. 
same units. It is, of course, immaterial whether tho unit of weigU; 
be the weight of an atom of hydrogen, or a pound, or a kilogramme.;;, 
the relative proportion, according to which these two substances aoii' 
upon each other, must in every case be the same, and the following a 
proportions will hold true : — 

\ Weight of zinc ) . \ Weight of HCl ) ,,,, ^5 . 73, ' 

\ in any case J^ * ( in same case f ' . 

\ Weight of zinc i . \ Weight of ZnCl^ \ ^ aK . ^^ 

\ in any case f * ( in same case ( ' ' -^Ji 

If the weight of zinc used in any case were given, the weight of^ 
chlorhydric acid required could be readily calculated, as we shou1d>'? 
then have three terms of a proportion given to find the fourth ; more^ 
over, the amount of zinc chloride produced by the use of 65 parts of ?^ 
zinc would be 65 + (2 x 35.5), that is, 136 pai-ts by weight In fact^^ 
if the amount of any one of the four substances were given, tha /J 
amounts of the other three could be found, as they are all propaivj 
tional. (See also §§ 63 and 76.) 
It is also to be remarked that, in writing the equation, no account 
was taken of the water in which the HCl was dissolved. This water 
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lezuaiDed in the brjttlt; uiichan;.Til nftfrr th.' p^cfM-iiiii.-ni wi* fnii-li'l. 
and in it the zinc c-hlorMe iZnCl.) f<>rnii<l ».«• li*-l>l in -'•iuti-i. It 
vonld be [Kjssible tiv tiif iipiilicaiiiin 'it luMt I'l < \.i|Hii.iir all "I Uii- 
water and leave the zinc cLluriUc u? a iiuliil ^llli^taIl•'l■. 

37. Hydrogen is a trausimrcnt, colorW^^ iiiul tastrj. .^-^ ;/:i-. Kilor 
less when pure. It is not iNiibiHiuus, tlmiiu'ii iiiiiiii.il> >li«- tp<iii -:;l 
focationwhen immersed in it,iis thrv iln in an jitiii"i>|»li«h- "1 insi • 
gen It is the lightest sulistanct* known ; Ix'in;.' aliKiit 1 1^. iim ^ 

'lighter than air, 11,1G0 times li;ilit«,T than \vat«r. an^l l."»1.7»'«» 
times lighter than quirksilvi-r. IIy«lro;jiMi i> ihr >t,in'l.iri - f 
ip6eific gravity for gsises, a.s watfr is for liijuiils an<l »]i<i- ; tt^ 
specific gravity is therefore unity. 

38. The exceeding lightness of hydro;,'i«ii can !)«• illii-ti.i!*'! 
by filling soapbubbles with tho pw. Tln-y will ri>«' i-i|illy 
through the air ; and, if touclicMl witli a li>:lit»-'l tajM-r. ili"- li\li ■ 
gen will immediately burst into ilann\ Owiu;,' t«» il-- li/lj!ii' - 

• hydrogen can readily be p<junMl or diraiitrd upwanls tV"iii "Jp' 
TOssd to another. 

Bzp. 12. — Lift from the water-pan a tliirk, strnn;/, \\\ li*-ni'>ntlMil 
hottlcjof 200 to 300 c. c. caimcity, full of liyilni;;.-n. t ihiii;: lai.- i.. 
hoMitin a perpendicular position, with tin* iimutli «l<»\viiw.iril. With 
the other hand place another lK)ttk* »»f rcpial sizf arul ^tnMi;_'t]i. Nut 
tontaining only air, beside the hydrogtMi-botth*, so that tin- umuiIi^ «if 
Ihehottles shall touch at one e<lge. Gnidually turn (hiwii tin- liyiliD- 
g^-bottle, and at the same time push its nmuih iM-iiratli that of tin* 
air-bottle in such maimer that the botth- whi«h nii^Hnallv mntaiiuHl 
the hydrogen shall at last stand upright boni'ath the iiivnttMl bnttU'. 
Duriug this operation, the lighter hydro^j-n llnws up iutn tin- uppj-r 
toe, while the heavier air sinks into the lowt-r. 11' a Imriiing match 
fenow thrust into the upper bottle, the liy<lrogrn within it will tak<' 
fee; but, upon applying the match to the lower bnttlc, originally full 
rf hydrogen, there will be found in it n(Uhing but air. 

Since hydrogen is thus lighter than air, it is not absolutely neoes- 

•y, in collecting it, to operate over water, as has been directed. 

'Hiftn a gas is much lighter or heavier than atmospheric air, it may 

•ften be conveniently collected by diflplacement. A bottle, can be 

[HdDjrSUed with hydrogen from a ^jafi-holder by carry mg\\xfe ^^WN^f^- 

S 
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tube to the top or the ioTerted bottle, ksA allowing the gas to flow i 
Alter a ebon time the air will be wholly displaced, and the bottle fiUi 
with hydrogen. 

39. There is another noticeable peculiarity of hjrdiogen whic 
is directly connected with its extreme lightoess. It possesses i 
a high degree the power of diflbsioiL This diffueive power is 
[liiysical property common to all gases and vapors ; in the at 
(if hydrogen, it is only the intensity of the diffusive power whie 
is remarkable. The following experiment will serve to illustnl 
this property. 

— A glass tube, 3 or 4 c. ni. in diameter, and 30or40e.s 
I. one end with a plug of plaster of Paris 1 or 2 c n 
thicL The tube is then set aside for a day ( 
two, in order that the plaster may become di; 
When the plug is dry, fill the tube with hydrogi 
by displacement, and set it upr^^ht in a glau t 
water. Water will rise rapidly in the tube, nW 
hydrogen escjipes through the plaster more r^31 
than air can ent«r the tube through this porous pla 
If the tube be left to itself, air will slowly ent 
through the plaster, so that the water within tJ 
tube will in due time sink to the level of the outra 

The velocities with which gn^es diffuse are in the inverse latii) 
the square roots of their specilic gravities. Hence it happens tt 
hydrc^n, being the most attenuated of all gases, ditfuses with t 
greatest rapidity. Compared with that nf oxygen, its rate of diffud 
is as 4 to 1 ; that is to say, the relative rates of diffusion of the t" 
gases are inversely as the square roots ftf the numbers 1 and 16, whi 
represent the specific gravities of hydrogen and oxygen, respectively 

On account of its high diffusive power, hydrogen can be kc 
only in perfectly tight vessels. It can not be kept for any leng 
of time in bladders or rubber bags, and it will leak throtigh stc 
cocks which are perfectly tight for nitrogen or oxygen. 

40. Hydrogen is exceedii^ly inflammable, as has been alrefti 
eeen ; that k to say, the temperatuie at -wl^icli \t takes fire 

oompe ' w. But, a& a matter oi co-atw, i.t (sr-^Kovgii 
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ay bumiiig body which is immened in it, since oxygen is ncTifi- 
uy for the support of combustion. 

Bap. 14.— Carefully lift from the water-|Min a Iwttle of »«> «.r 

00 c c capacity, completely full of hydrogen ; hlowly larry ihv U.t- 
le,the mouth of which is, of course, Leld «Iownwartl, n^. n. 

) a burning candle or splinter of wood, anil deprvMi 
be bottle over thia flame. The hydrogen will take 
le and bum below, at the mout.h of the bottle, where 

1 is in contact with the oxygen of llie atnioxpliere ; 
»ut the flame of the candle will be extinguinlied the 
Qomeut it becomes completely enveloped by tlie hy- 
liogen. The candle can easily be relighted by wlowly 
ifting the bottle until the wick b brought into contact 
vith the air and the burning hydrogen. 

41. It has been seen that the hydrogen flame giv(*8 but 
''Ky little light; it is, however, very hot. In<lee<l, it hiis Imth 
famd that when a given weight of hydrogen <'nt<'rs into 
^kniieal union with oxygen, more heat is dev('l()]KNl than in 
[p* burning of the same Weight of any other 8nl)stiin(H'. On 
fc fact depends the use of the so-called oxy-hydrogen blow- 

FIff. IS. 





The principle of the construction of this apparatus may be learned 
Fig. 12. It consists essentially of two tubes, one within the 
The inner tube (a) is connected with a gas-holder containing 
; the outer tube (6) with a gas-holder containing hydrogen, 
cock of the hydrogen gas-holder is first opened and the hydrogen 
"hted at the point of the jet ; the cock of the oxygen gas-holder 
ai slowly opened until the flame is reduced to a fine pencil. A 
^t and sufficient pressure should be maintaiued on the gas- 
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In the flame thus produced, a fine platinum wire will leadil 
and fall into drops. The intense heat of the oxy-hydrogen fli 
tlius admirably illustrated, for platinum is an exceedingly in: 
metal, which can scarcely be softened in the hottest furnace. 

If a piece of chalk or lime, scraped to a fine point, be held 
fiame of the oxy-hydrogen blow-pipe, it will quickly become 
hot, and evolve light of great brilliancy, almost comparable wit 
of the sun. On this principle is constructed the so-called Drun 
or calcium light, often employed for night-signals and optical i 
roents. 

42. No matter in what way hydrogen is burned, whet 
the pure state or in combination with other materials, wl 
in pure oxygen or in the air, the product of the comb' 
is always water. At the high temperature of the fiame 
water must, of course, remain in the condition of a gas, 1 
can readily be brought to the liquid state by reducing the 
perature. 

Ezp. 15. — Over a jet of burning hydrogen, best obtained f 
gas-holder, hold a dry, cold bottle. The glass soon becomes ca 
with a film of dew, as the water generated by the union of hyc 
and oxygen condenses in droplets upon the cold sides of the bot 

43. If, instead of burning pure hydrogen as it flows int 
air, the gas be first mixed with oxygen, and then ignited, s 
different result will be obtained. The hydrogen being n 
contact with oxygen at aU points, the entire mass of gaf 
bum with a violent explosion at the instant when a li^ 
touched to it. 

This may be illustrated by connecting a piece of glass tubing 

Fiff. 13, a gas-holder, or, 1 

a mbber bag, cont* 
a mixture of 2 vo 
of hydrogen and 
ume of oxygen, 
end of the glass t 
dipped into a di 
soap-suds, and th 
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loass of foam not too large ban fonncti on tlie Hiirfat-t* of the mhIh. If, 
after the removal of the gas-holder, the foam Im.* t«»u«'lie(l with a Inn;; 
lighted stick, a violent expli>Hion will (M-rur. 

Caie should be taken to throw awuv unv ri'ninant of thf niixtiiii* 
of hydrogen aiid oxygen wliich may have W'i'ix \Ai in ihf pi;*-hiddtT 
atthedoese of the exiierimcnt, and U|)ou no acrount hhtmld linr r\rr 
1« hroQgbt into its vicinity. 

The loud explosion is owing to the fu(l that tlu* inti'nHc IknU 
emitted at the moment of the combination <»f the two pi:«fs 
expands enormously the steam fonue<l by their union. As t)H> 
steam is immediately ccmdensed, there n?»ults a jKirtial v;u'uuni, 
into which air rushes from all sides; and it in tli(* licavy anil 
ndden undulations thus communicated to th<' air whirh «h'- 
ension the noise. The outward and in wan I sliock.^ follow 
o&e another so quickly that the ear cannot distinguish b<*twi^*n 
them. 

44. Mixtures of hydrogen and air produce less violent exph>- 
■ons than mixtures of hydrogen and oxygen, lK*('aus4? of the inert 
iiitrogen in the air, which acts as an elastic jkkI or cushion to 
heak the force of the shock. 



16. — Introduce 2 volumes of hvdrojjen and 5 volumes of 
^ into a strong round-bottomed bottle, Kiich as is used for soda- 
^^ter. Close the mouth of the bottle with a cork, and shake vio- 
«rtly, in order that the gases shall Ik; mixe<l. A small quantity of 
Wer should be left in the bottle to act as a stirrer. Gras]) the bottle 
fanlyin one hand, remove the cork witli the other, and apply the 
•ptt month of the bottle to a lighted candle. An exidosion will im- 
[Wately ensue. 

45. Since air is everywhere about us, and since all ordinary 
[•Wttbustions occur in it, it has l)ecome cnatomarv to speak of it 
W of oxygen as supporters of combustion, in contradistinc- 
1 to the so-called combustibles, such as hy(ln>gen. The^e 
D8 are often convenient ; but that they have only a relative, 

Fno absolute aigniGcance, may be shown expeime;Ti\aSi'^ ^ «& 
ws : — 
S * 



30 



XITJifC ACID. 



Support a ratber wide tube of tbin glass — tbe neck of i 
Fic. 14. tort, for example — in areilical p 

connect tbe upper opening with i 
containing bydrogen. Allow tbe 
until tbe tube is filled ; tben app 
matcb to tbe moutb of tbe tube, » 
tbe flow of gas so tbat the latter m 
to burn slowly at the lower edge ( 
With a second gas-bolder cont 
gen, connect a piece of narrcjw g 
drawn out to a fine point ; and, wl 
gen is flowing through this tube 
into tbe larger tube filled with 
As tbe stream of oxygen passes t 
burning hydrogen at the bottom of 
tube, it takes fire, and afterward 
to bum in the atmosphere of hydrogen within the tube. 




. CHAPTER VI. 
OTHER COMPOTTirDS OP THE ELEMENTS ALBEABY { 

46. In tbe case of the chemical compound, wat 
been seen that hydrogen and oxygen are combined i: 
definite proportion. The study of the compoimds o 
and oxygen will bring to view a new fact of great sij 
namely, that two chemical elements may combine in 
one definite proportion to form chemical compound] 
from each other and from the constituent elemen 
compounds of nitrogen form a series of five membe 
which may be derived more or less directly from comn 
acid. 

47. Nitric Acid. — Two abundant sources of this 
are found in nature, and are familiar as articles of < 
Saltpetre, or nitre, a whitish, saline, crystallized 

now mainly brought ftom India, is one of tYiesfe s.o>MCie% 
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sabstance, known as Chili-ial^0tre or todariiitre, if rnlli-. t«*<l 
on a desert tract in Chili and Peru, an<l fnnus a viiluaMi* aitit !«• 
of export from those countries. Tliesii two Nii))/*t.in('(*H tlith»r 
from each other only in this, — tluit \\w first nuit-iiiis tin* 
metal poturinnif the second tlie very similar metal lodiaiD, in 
either case combined with <leiinite pniiHtrtitms x^^ tlic cliiiHUt-^ 
nitrogen and oxygen. By the reaction of salphnrio add ("il 
of vitriol) on either of these two sulMtiinces, nitric acid is 
obtained 

Bxp. 17. — Into a tubulated gIas8-Ktop]H'n*4i n-tori «»f :J.")<> c. r. 
capacity, put 40 gramuieA <»f p«)wdered iMitasMuiu nitnit«', i»r, ln-il»-r, 
34 grammes of i>owdered sodium nitrate, if it can W obtainnl, and 
through the tubulure pour 50 grammoH (►f ntron^' sulphuric aii»l, 
which has been weighed out in a bottle i»n*viouNly countrr|M.iM-d 
upon the balance with shot or coante nand. ImUMl tht* iNitttmi of tin- 
retort in sand contained in a small iron pan i>lacnl ovit the giL*«-lanip 
. on a ring of the iron stand. Thrust the neck of tli«* ret»»rt into a iv- 
". ceiver with two tubulures ; the retort-ne»'k slinuM fit the tulailurc 

rW the receiver with tolerable accuracy. The sc*con<l tultulurc of the 
.ttceiver should be left open, or loosely covere«l with a bit of j^hiss, in 

onlerto avoid the possibility of any pressun* In-inj,' civatt*<l within the 

tttort during the operation. Place the Fi^. 15. 

iwttver in a pan of cold water, and 
I cover it with cloth or bibulous imper, 

which must be kept wet during the 

fetillatiou. (See Fig. 15.) He^t the 

Mnd-bath moderately (that the frothing 

which occurs mav not become too vio- 

lent) ; reddish vapors appear for a ino- 

BKDt, then disappear, and a yellowish 

fiuning liquid begins to condense in 

the neck of the retort and to nm d()\\'n 
into the receiver. When all frothing has ceaseil and the mass" in the 
letort is in a state of tram^uil fusion, while very little liquid passes 
wer into the receiver, the lamp is to be put out. 

The very acid, corrosive and poisonous li([uid in the receiver is 
■ttric acid ; its faint color is not its own, but is due to the presence 
;df a compound of nitrogen and oxygen shortly to be de8cril)ed. 
flVansfer tJie liquid to a g/ass-stoppered bottle, anOl Yee.^ >* *'"* ^>\\Ni5fe 
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use. In all nuuiipulations with uitric acid, it is desirable to avoid get- 
ting it xk\\{}\\ the skin, since it produces lather permanent yellow stainflL 

As the retort c(n>1s, the residue solidifies into a white, saline man 
which must bi* dissiilveJ out of the vessel by heating it with water 
after the appanitus hau become thoroughly cold. It will be observed 
that the li(|iud Kulphuiic ucid which was used has dissppeared, al- 
though the saline residue is still intensely acid. 

Nitric ucid is niucli UHe<l in the arts, and is prepared on the huge 
scale from the name niatvriuls as here employed. The retorts are 
huge iron cylinders or kettles, and the acid is collected in stonewan 
iKjttles. 

48. Pure nitric add is colorless, and is about half as heavf 
again as water. It may be mixed with water in all piop(^ 
tions. -^ 

Ezp. 18. — To one-third of the nitric acid obtained in the last eir ^ 
periment adil an e<[ual bulk of water. The solution thus obtaiiiBd-, i 
will be still intensely acid, as may be proved by its action on vcgeti-.; 
ble colors. Litmus id a blue coloring matter, prepared from varioQi:, 
lichens. Unsized ])aper, coloi'cd with a solution of litmus in 
is a convenient test for many acids, which, as a rule, change the 
of the paper from blue to red. If the acidity of this diluted nitrie* 
acid be now destroyed or neutralized by the jiddition of some 
substance of opposite quality, the point at which the liquid ceases 
be acid may be determined by observing when the blue paper 
blue on immersion in the liquid. 

To the diluted nitric acid, placed in an evaporating-dish, add gmhI 
tiously anunonia-'water (the Liquor Ammonise of the apothecariea]^^ 
which has been previously diluted with its own bulk of water, nntSf 
the li([uid no longer turns the litmus-paper red. The ammoDMhj 
water must be added slowly at first, and at last drop by drop, 
the mixture must be constantly stirred with a glass rod. The 
monia-water has the property of turning litmus-paper, which 

-been reddened by an acid, back again to blue, as direct experimc 
will prove ; this property is possessed by a class of bodies called 
kalies, and this reaction with litnms is termed the alkaline 
tion, in contradistinctiim to the change from blue to red, which 
the reaction characteristic of adds. When mixed with nitric ad 
ammonia-water produces a compound which, when fresh and pm 

has no action on F^etable colors, and which, being soluble in wate.,^ 
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ot visible at this stage of the experimeiiL Place thf t*vu|MinitiiiK' 
1 on the wire-gauxe over the ga»-huiip, and evuiK*rati' thr Iit{uiil, 
ng care to avoid actual ebullition, until u dn»|» nf \\\v Milutimi 
!n out on a glaM rod becumet» uluHwt H4)lid tm ciMtlin;;. Kxtiii^iii-h 
lamp, let the dLt^h become |>erfectly c«>l(l, M*]Mtnitir the Mrnii-tr.ii>- 
ntciystals which have foniiwl during; the triMilii.;^' fmni th«- tlniii, 
ly, which remains in the «lisli, allow them to dniin, tlry tlu-ni I'V 
le pressure between folds of bibulous iNii^-r, und ri'Hcrvi* tlii-ni f«'r 
in the next experiment. Besides water, these crvHtulrt un* \\\v holi- 
luct of the reaction ; they must therefore c«int4iin lN>th all of the 
ic acid and all of the anmionia which is not water. The chcniical 
e of the substance is ammoniain nitrate. 

9. We find in this experiment a striking illustration vi 
t is meant by **hm«ina^l comMwatifllL From two fumiii;; 
ids of very intense but opposite pn)iH'rtie8, then* Ikw c^imhj 
1 a neutral solid, as unlike its constituents in taste, smt-Il 
all physical attributes as could well be imagined. IU*arin^ 
lind the fiery substances from which the harmless '* salt ** has 
been prepared, we proceed to learn by exiwriment what<*ver 
acompoeitian may teach. 

Kp. 19. — Introduce into a round-l>ottonied or other suitabK* 
of thin glass and of about 300 c c. capacity, 10 or 15 j^nn^. of 
ionium nitrate, such as was obtained in Exp. 18. Kroni the tl:i<k, 
>dupon the wire-gauze on the iron stand, carry a <lflivi*r}-tulK», 
6^ beneath the saucer in the water-jKin ; but intcnupt the tulio at 
\ convenient point to interpose, by mciins of a cork or caontchoiic 
XT with two holes, a small bottle, which um be kept cool with 
r, as shown in the figure, 
eat the flask Fl«. 16. 

eiately and cau- 
ly, to avoid 
king it. The 
tonium nitrate 
melt, and little 
»les will soon 
I to escape from 
used mass. The 
must now be 
ontrolled that 
ralution of the gaa shall not be tumultuous. T\ie ^^ \a \.o \sfe 
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collected in bottles of 300 to 400 c. c capAcity. If the pn)c< 
l)een successfully conducted, there will be found in the cooled 
through which the gas posses, a clear, colorless liquid, which 
ami nut ion will prove to be water, and nothing else. When 
two bottles of gas have been filled, and enough water for testi 
condenswl, the delivery-tube may be withdrawn from the wab 
tlie lamp extinguished, although the ammonium nitrate be i 
decomposed. The ammonium nitrate may be entirely resolvt 
water and the gas which now awaits examination ; bat it is d 
to push the decomposition to actual completion without breaki 
ilask in which the operation is perfonned. That the nitrate les 
residue behind, when sufficiently heated, may be proved by hei 
crystal of it on platinum foil over the gas-lamp. 

Ezp. 20. — Insert a glowing splinter of wood into a bottle 
gas. It will re-inflame with almost as much enei*gy as in oxyg 

50. It is obvious that the colorless and transparen 
which is the most voluminous product of the decomposit 
ammonium nitrate just accomplished, must contain a' 
elements, besides those of water, which enter into the co: 
tion of the ammonium nitrate, and therefore of the nitri 
and ammonia-water from which the nitrate was prej 
much interest, therefore, attaches to the determination < 
composition of this gas. From the energy with whic 
glowing splinter burst into flame, it might be inferred 
oxygen was a constituent of the new gas. This is an actua 
Experiment has shown that the gas is composed of the ele 
nitrogen and oxygen; and that, as in the. case of 
two volumes of hydrogen and one volume of oxygen an 
densed into two volumes of dry steam, so two volumes of 

gen and one volume c 
gen are here condense 
two volumes of this 
parent gas. As the c 
cal formula or syml 
water is H^O, so the f 
la of this new gas is NjO, and its volumetric composition n: 
represented hy a diagram similar to that by which we con 
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totheevf* tliu c'oii]|Mi.sitioii nf wat«'r. The pLs in imIIciI nitro^n 
FTOtozide or nitrous oxide. 

I'Vuiu tin; atMive cuiiipositinn 1>y Vdliiiiic, .-iii'l (roiii tin* kii"\s!i 
Sjiecitic graviti<'8 of nitr<>;;fii iiinl iixv;:*ii, tin* ri 11111111 itinn t 
nitrugeu pn)tuxiile by wri^'hl is n-iuiily <l»'"lu. i-l. Tin- Hpii 1:,. 
gianty of iiiln><^un, nifi'rn'«l to liy«lr»»^'iMi, i.-. \\ ; tli.it -I 
oxygen 16 ; since tlnTu aru twi» vnlniiii*?, »)t' iiiir".:«-ii l"..r if !. 
Tolume of oxygen, thu two I'lciiirnts iiiii>t. in any li^'Mi \\ii l.i 
of the gas, be coiubineil in tlie ]>i'i)i»«»rlion «■( js pari.^ li-. 
veight of nitn>gen to IG uf oxygen. Tlic nioli-i-ulH uf niti'u'<'ii 
protoxide, N^O, must 1k^ comiioiM'd, Iik«* any niiii-r <iuantity ••f 
the gas, of 28 \nxvtA by weight (»f nitnigcn anil I'i i»f nxyj'-n : 
hat, precisely od in the ease of water, we i:un<'«-ivc nt tli- 
molecule as made up of two atoms of nitn>geii ami nm* .-ii<>ni 
of oxvMn ; and we have uln-ailv learned that if tin* at- -mi 
weight of hydrogen be ivpivsented by 1, that i»f oxyg»-n iim-t 
he 16. It fuHowrt, from the ctmstitutinti (if nitmgtMi |)riit>*\i<l<'. 
that, if 16 represents tlie smalK'st pri»])ortional wciu'ht of uw 
gen which exists in ctmibinatiim, 1-1 nnist bi* tin* riirn>>|i.iiiil- 
iqg smallest weight of nitrogen when thns nniti'd with nxy 
gtt. Nitrogen protoxide eontains \\, or 'MM jmi- nut. ..I' 
wygeiL 

51. Hitrona oxide when pure, may )m> ii>spin-d fi.r a I'lW 
Bisntes with impunity. When inhaled, it pnHJiiri's a lively 
intoxication, attended with a dispositinn tn nins'ular exert i-n 
ud violent laugliter; wlienee its trivial name of langhing 
pL It may, however, be oflininiritereil so as to cause cuiii- 
plete insensibility to iwiin; the effect lasting, however, fnr only 
• very short time. It is advant-ageunsly used as an an;es 
ttetic in such surgical ojMirations as can be per(onn(>d in si few 

iBoonds. 

52. Nitric Oxide (NO). — The nitrogen pn»toxiil<'. wiii-h \vi^ 
kve thus studied, is a derivativ(j of nitric acid, or, more ex- 
letly, of the compound obtaincul by mixing nitric acid with am- 
konia- water ; we now j)r()C(MHl to investigate another substance 
Atained more diroctly from nitric acid. 




8 N'lTklC OXIDE. I 

»>■■ 1'- Bxp. 21. — Place 

n copper tuminga or fiUi 

a bottle armnged pn 
aa for generating hyi 
(see Exp. 11, 5 35), and 
upon iheiii one-half o 
uitric acid still rem: 
from Exp. 17, previous 
luting this portion of 
with twice its bulk of 
Brisk action will imnieij 
occur. The bottle be 
filled with red fumes : 
when tbe gas iliBengaged is collected over water, it ia found to be 
lesa. Cullect three bottles, of 300 to 400 c. c capacity, of th: 
Save the blue solution (copper nitrate) wbioh KUiaina in the 
alor for future use. 

Batp. 22.— Dip a lighted candle into a bottle of the gaa. I 
out. Into the same bottle thrust a glowing splinter of wood. 
not inflame. 

Exp. 23. — Lift A bottle of the gas from the water so that a: 
enter the bottle, aud the gas may escape into the air. Red fun 
very disagreeable smell, and very irritating when inhaled, are 
dantly produced. Bring in contact with these fumea, a. piece of 
tened litmus-pnper. It will be immediately reddened. 

Bxp. 24. — Thoroughly ignite a bit of sulphur in a deflag' 

spoon, and introduce it into a bottle of the gas. It will not bu 

'Exp. 25. — Into the same battle thrust a piece of phosphorus 

aa a pea, bulging actively. The combustion will be continuei 

great brilliancy. 

53. The new gas is transparent and colorless. It differs 
nitrogen protoxide, and from all the other gases tlius far sti 
in its relation to combustibles. Tho commonest corabui 
will not bum in it at all : phosphorus may he melt«d i 
gas without inflaming ; but, when its combustion is once si 
phosphorus burns with a vividness which recalls its bi 
in oxygen. 
Aiudyaia sliows that the gas consists of nitrogeii and oi 
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one Yolume of each ^^ uuitin;^ to fnnu Iwh vuIuiiifH uf tin* 

componnd gas. Its molecule will U* n*pivH«>iitHil hy tlif lor 

\ mala NO; and its elements are unitc^l by w«'i;;ht in tli«* pn* 

: portion of 14 parts of nitrogen to 16 of uxyg«*n, 1n*<miiw «*(|iu1 

Toluaes of nitrogen an<l oxy^^*n weij^h re.«*iMN-tivi'ly II anil l»i 

. times as much as the siime volume of liy(ln>>:i'n. It>< I'um 

may be represente<l by the a4'('«ini]Ninyin;( diagram. 

j . V s The piH \A thus anotluT o\ 

u 4" 16 =1 WO 30 ! ide of nitMgvn ; it is ^imht- 
1 ' • ^' ally kiioxyn ai* nitiio oxide. 



Imtsome regard the molecule as N,0, and name thv roiniiouiiii 
litrogen binoxide. 

When the same element unites with oxygen in nmn* than mn- pn^- 
I portion, the compound containing a single fttnni of uxvgi-n in the 
Bolecule is called the protoxide; when the moltTuh* I'dUtains twu 
•toms of oxygen, the compound is call(*<l tin? himwid*- ; suiTn-lin^ 
Wygen compounds would be the teroruU, qnfnlrn.ruif^ Hf. Thi* trim 
ftnoidc is u»ed to denote a comiK)und containing ninn* oxyu'i'n than 
^protojcide. Sometimes the terminations oits and i> an- « inplnvni ; 
n this case ous implies less oxygen than to; nitrouj uxidt! cuntaiiiri 
In oxygen than nitric oxide. 

54. Hitric Anhydride. — A thinl oxido of nitrog<*ii is 
JBkric anhydride, the formula of which luus been deturiniiu'l 
■to be N,Oj. It is a very unstable, white, solid comiKmiKl, «h'- 
ttnposing spontaneously into nitrogen peroxide (§55) and 
ttjgen. It is interesting from the relation it be^irs to nitric 

I8ii 

litdc acid, as has been seen in § 47, is pn'parod by trcat- 
% potassium nitrate, or nitre, with strong sulpliuric acid. 
Experimental investigation* has shown the formula of tlie 
fOB acid to be HKO,. By the action of water on nitric 
■ibydride, the same nitric acid (HNO3) is i)ro(luced. Tlio 

* The methods followed in the experimental determination of the com])o<ition 
trie acid, as well as those employed in the case of the other compounds of 
geo and oxygen, may be found somewhat in detail in Eliot and Storer's 
ul of IflLorganip ChemiMtry. 
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action which takes place may be represented by the equation — 



Water. Nitric anhydride. 



2 HKO,, 

Nitric acid. 



which expresses the fact that, by the union of one molecnlB 
of water and one molecule of nitric anhydride, there an 
formed two molecules of nitric acid. On account of this »• 
action, nitric acid may be, and is sometimes regarded ai I 
compound of nitric anhydride and water, and its formula mij 
be written, H,0, N,0^. The origin and propriety of the ten 
nitric anhydride now becomes apparent ; for this oxide of 
nitrogen, although it is impossible to obtain it by a dMt 
method from nitric acid, may evidently be regarded as nibtt 
acid deprived of water ; that is, rendered anhydrous. / 

55. Other Oxides of Nitrogen. — There are two ocm 
pounds of oxygen and nitrogen besides those already considenQK 
Of these, one called nitrogen peroxide is a gas formed 
bringing nitric oxide into contact with oxygen. The red, 
fumes produced in Exp. 23, § 52, were due to the formation : 
nitrogen peroxide, when the nitric oxide came into contact 
the oxygen of the air. The yellow color of ordinary nitric 
is due to the same compound in solution. The vol 
composition of nitrogen peroxide will be understood firom 
accompanying diagram. The molecule will be represented 
the formula NO,, and the composition of the substanoe ' 
weight will be 14 parts of nitrogen and 32 of oxygen in eveiy" 
parts by weight of nitrogen peroxide. 




= ! NO, 



The remaining oxide of nitrogen is represented by the 
mula Hffiij and is called nitrous anhydride. It is an ohe 
bodjr, and forms, with the elements of water, an acid know 
nitrous add. ^ 



.] LAW OF MULTIPLE PROPORTIOyS. 5V 

3. The oxides of nitrogen, thf'n, are — 

Nitrogen protozlda, lf,0; 

Nitric oxide, NO; 

Nitrons anhydride. N,0, (fn)m which 

we have nitrons aoid. RNOj; 

Nitrogen peroxide, NO, ; 
Nitric anhydride, N^O^ (from which 

we have nitrlo acid, RNO,). 

. These five bodies are all ohirmioi Mmpauidi; they 
lefinite and constant in composition, and all ditfcr ewwn- 
£rom their elementary constituents and fn>m (iirh oth«T, 
e experiments we have performed with sevi^ral of them 
demonstrated. It is, therefore, obvious that two of the 
ints are capable of combining in several projMirtionR to 
definite chemical compounds ; and what is here })n>v('d 

of the elements we shall hereafter find to bo tnie of all, 
ugh not of every couple ; so that the s<»rii»8 of oxid(>8 of 
^n is but one illustration of a most comprehenHivc law. 
difference between a mechanical mixture and a chemi- 
ompound does not on this account Ijecome less marked, 
possible mixtures of nitrogen with oxygen arc innumor- 

the known OOmbinations of the^ two elements are 
five : two volumes of nitrogen combining chemically with 
' one, two, three, four or five volumes of (►xyp'n, and 
no other proportions whatsoever. As for voIuiih'h, so for 
its : the proportional weight of oxygen in th(»se oxides 
by definite leaps from the first member of the scries to the 

is definite, step-by-step mode of fonning chemical com- 
Is is one of the most characteristic, as it is one of the 
general, facts of chemistry ; it is the habitual mode in 

1 the force called chemical ordinarily acts. The abstract 
8 of observation and experiment may be expressed in the 
ing proposition, often called the Law of Multiple Pro- 

^ etffo dodi'es combine in more than one propoT- 
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tioTif the ratios in lohich they combine in the second, third OM 
subsequent compounds, are definite multiples of those in wkk 
they combine tofonn the first. 

58. Air a Mixture. — The distinction between a mechaii 
cal mixture and a chemical combination may be illustrated I 
the differences between common air and the oxides of nitr 
gen. Some of the considerations which go to show that air 
simply a mechanical mixture of oxygen and nitrogen are i 
follows : — 

In the first place, while in the oxides of nitrogen the ti 
elementary gases bear to each other some simple relation in : 
spect to both volume and weight, in air they are mixed in thei 
from simple proportion of 20.81 measures of oxygen to 79. 
measures of nitrogen, or 23.10 parts by weight of oxygen 
76.90 parts of nitrogen; moreover, if 20.81 parts of oxyg 
are mixed with 79.19 of nitrogen, there is no developmi 
of either light, heat or electricity, such as usually attends 1 
formation of a cliemical compound; and the physical char 
teristics of the mixture are such as should, according to cal 
lation, belong to a mere mixture of the gases. 

Again, if nitric oxide be brought into contact with air, sui 
eating red fumes of nitrogen peroxide are formed ; but if 1 
nitric oxide be brought into contact with nitrogen protoxii 
no fumes are produced, although this gas contains as mi 
oxygen as common air. These experiments go to show th 
while in nitrogen protoxide the oxygen is held in chemical co 
bination, in air it is free. 

Further evidence that air is a mere mixture is afforded 
its behavior towards water. All gases are soluble in water 
a greater or less extent, each one dissolving in a certain £b 
and definite proportion at any given temperature. If pi 
water be exposed to nitrogen protoxide, it will dissolve a cerfe 
amount of that gas, which may be recovered unchanged 
boiling the water. When water which has been exposed 
the air is boiled, a gaseous mixture containing oxygen and 
trogen is given off (Exp. 10, § 83) ; but it has been found t! 
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the gases are mixed in a different projmrtioii fnnti th.-it in whirh 
they exist in the atmosphere. The water, in fa^'t, dJAiwiIvc-i i>iit 
from the air a quantity of oxygen, jiwt as if no nitn»^i*ii W4n* 
present ; at the same time it diawolvcs nitn»};fn t) ]>n' \>*\\ 
tlie same extent that it wouhl ditMolve that gim if ihfn* w«'P* 
no oxygen in the air. 

59. Acids, Bases and Salts. — In this chapt4*r, thi* ti-niis acid, 
base and salt have heen used ; the meaning of thcsi* terms iii:iy 
lierebe somewhat more fully illustrated. Tliey ran n»»t Im* d«* 
fined with exactness, hecause they arc not applii'd by chfinists 
with uniform precision to well-defined classes of sultstunrcs. 
Adds are chemical compounds which generally |hihs4*ss a sour 
taste, which act in a peculiar way upon vegetjihlu colors (as nitric: 
add, in Exp. 18, § 48, turned the color of litmus fn>m blue to 
led), and which have the power, when brought into contact with 
eertain other chemical compounds of opposite (quality, va\\\M 
Imcs, of forming new compounds possessing the characters <if 
neither acids nor bases. 

Acids are generally compounds of hydrogen, oxygen and 
Bome one other chemical element, as, for example, nitric. :i('i«I 
(BNO,) ; bases, likewise, are compounds of hydrogen, oxygon 
t&d some one other chemical element, a.s, for example, ciiustic; 
lotash (KHO) ; but while certain elements in uniting with 
V<^gen and oxygen form by preference acida, other elcmc^nts 
fonn by preference bases. The so-called non-metallic elemonts, 
wch as nitrogen, sulphur, etc., generally form acids : for (exam- 
ple, nitric acid (HKO,) and sulphuric acid (H^SO^). The metal- 
b elements, such as potassium, sodium, copper, etc., form 
hies ; thus caustic potash or potassium hydrate (KHO), sodium 
liydiate (NaHO) and copper hydrate (CaH^Oj,), are bases. 

60. The relations between acids and bases may be illustrated 
if ttie following experiment : — 

\. Bxp. 26. — To one-thh'd of the nitric acid of Exp. 17, § 47, diluted 
**h twice its bulk of water, add cautiously a rather dilute solution of 
itic potash (potassium hydrate, KHO) until the mixture is neutral 
mshmas-pAper (see Exp, 18, § 48), Evaporate the BoVulioia. m ft.^\- 
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celain dish, taking care that the liqnid does not actually boil, imtila 
drop taken out on the end of a glass rod becomes nearly solid on 
cooling. Then remove the lamp, and allow the dish to become ec^ 
The crystals which will separate from the liquid are potassium ni- 
trate, a compound which has already been used in the manufacture of 
nitric acid. The change that has taken place may be thus sjnir 
bolized : — 



^, + KHO » KNO, + H,0. 

Nitric acid. Caustic potash. Potaasiiiin nitrate. Water. 

The water in which the nitric acid and caustic potash were dis- 
solved, together with that set free by the reaction, has for the moik 
part been removed by evaporation. It might have been removei. 
entirely if the evaporation had been carried further. The potassimft 
nitrate would then be obtained as a white crystalline substance, bnfe 
not in well-defined crystals. 



When, as in the above experiment, an acid and a base 
brought into contact, there is formed, besides water, a new oasar 
pound. This compound is called a 8alt> the name being appliedl 
to it on account of the general resemblance which this claas of 
compounds bear to common salt, — one of the earliest known 
and most familiar of saline bodies. 

61. If we compare the formula of nitric acid (HKO,), with 
that of potassium nitrate (KNO,), we shall observe a strikiiig 
resemblance between the two ; the two formulae aie in &et 
identical, except that in the one case we have K, the symbol fixE 
potassium, where in the other we have H, the symbol for hydro- 
gen. Potassium nitrate is only one of a class of analogons ooni' 
pounds called nitrates ; the formula of each member of the dafli 
is that of nitric acid, except that the hydrogen is replaced h) 
some metallic element. 

A similar statement might be made with regard to othtt 
acids. Thus, the formula of sulphuric acid (which was vaM 
in Exp. 17 in the preparation of nitric acid) is H^BO^. B 
in this formula K, be substituted for H,, there will result thj 
formula K^O^, which represents the salt named potasmt^ 
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The tenn acid, besides being employeti aM definMi in § TiQ, in alwi 
applied to certain bodies which are destitute of oxy^n, like rhlorhy- 
dric acid (HCl). These acids are fonued by the union of hytlm^'un 
with some member of the chlorine group (mre imgv (iTi). 

The term base is sometimes used to denote certain (-oni|KtundA 
which contain no hydrogen. If pot^issium oxide (K,0), whii -h may 
befonned by heating metallic potassium in dry air or oxy^^i-n giiM, In- 
tieated with nitric acid, the following reaction will take place : — 

K,0 4- 2HirO, = 2 KNO, + H,0. 

The same ''salt,'' potassium nitrate (KNO^, is pr<Mluce«l a.H in 
^.26, where potassium hydrate and nitric acid were brought ii>- 
gether. On account of their taking port in such reactions as jhcs4\ 
the anhydrous oxides of the metallic elements are often 8|K)ken of as 



62. The term anhydride (or more definitely, acid anht/druft ) 
Bcommouly applied to an oxide of a non-meUillic element, whirh 
in combination with the elements of water forms an add, { 69. 
Thus: — 

ir.O, + H.O = 2HNOr 

Nitric anhydride. Water. Nitric acid. 

The term acid was formerly applied to the anhydrides as well nn to 
the adds proper. To distinguish between the two BortR of coni[)oii n<lK, 
the temjs anhydrous and hydrated were enijdoyeil ; thus, IfjOg was 
hiown as anhydrous nitric acid, and HNO, as hydmtcd nitric acid. 

63. Coihbiiiing Weights of Compounds. — The weight of the 

I' feast proportional quantity of oxygen which exists in combiiia- 
^ is the same when united to nitrogen as to hydrogen. Tlio 
atomic hypothesis rests upon the fact that each element has one 
fc«< combining weight with each and all of the other elements, 
and the atomio weight is, in general, expressed by the number 
*hich experiment proves to be the usual combining proportion of 
fte elementary substance in the case of linite, ponderable quanti 

Y tiesL (See also S 613, p. 286.) The combining weight of a chem- 
compound is always equal to the sum of the atomic weights 

S<f the elementary atoms contained in its molecule, and is, indeed, 
same as its moJecuJar weight. Thus the combiuiu^ weight 

itmUer, B^O, like ite molecular weight, is 2 -\- \^ =^ \% \ ^ 
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nitric acid, HNO„ is 1 + 14 + 3 x 16 = 63; of potassiiim 
hydrate, KHO, is 39.1 -fl +16=56.1 (the atomic weight of po(t» 
sium l>eiiig 39.1). These combining weights express the /jfcjptr- 
tions by weight in which the compounds invariably unite. In 
the reaction involved in the last experiment, the combining weigb 
of nitric acid being 63, and of potassium hydrate 56.1, the amount 
of the substances used must be in the proportion of 63 to 66.1. 
If we took only half the required proportion of potassium hydrate, 
it would neutralize one-half of the nitric acid, and the other half 
of the acid would remain unchanged. 

The combining weights are not absolute weights, but simply 
express the proportions by weight in which substances take part 
in chemical actions ; — the molecular weights, on the contrary, as 
explained on p. 24a, are the supposed weights of those almost 
infmitesimal masses of matter which we designate as molecules* 
and are expressed in terms of a unit, the weight of an atom of 
hydrogen, tlie precise value of which is at present unknown; the 
unit of molecular weight is the same as that of atomic weight. 

64. Nitrogen and Hydrogen. — Ammonia-water, such as we 
made use of in Exp. 18, § 48, when gently heated, evolves ^ 
very pungent, colorless gas, which now claims our attentioiu 
This gas may readily be prepared as follows : — 



Fiff. 18. 




Fill a flask* of 250 t(^ 
500 c. c. capacity about; 
half full of the strongest 
ammonia-water to be 
had at the druggist's 
Close the flask by a cork 
provided with a funnel- 
tube and an exit-tube; 
carry the delivery-tube 
to tlie bottom of a tall 
bottle, having a capaci- 
ty of at least a litre, and 
filled with fragments of 
quick-lime. When the 
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flask is gently boiled, the gas which pamn off will Im flrpnv«il f.r 
moisture by the quick-linie, and will ijwue dry fttuii th«? Uittlf ; it iiuiy 
be collected over mercury, or by diMplucemeiit, am t»howti in tbi- fi>:iirr 
(Fig. 18). The gas is bo extremely soluble in water, tliat it rannut !•«• 
collected over the ordinaiy water-]>an ; as it has little mon* tlmn half 
the density of atmospheric air, it can !« nradily c(dli*<:t<4l by dir-j.l.i. i- 
ment When thus collected, the gas should lie ulbiwcil tn jm-^ ii.t.» 
the wry foow/y corked bottle, until a piece of tumierir piiiHr, b.l.l at 
the mouth, is immediately turned brown; the deli vm-tufN- i^ th. i, 
withdrawn, and the mouth of the liottle is tightly clowtl with a 
caoutchouc or glass stopper. 

If the gas be collected over mercury, the fUrsk niurt U» jin.vidi-*! 
with a very long funnel-tulie ; for the pressure to U* oven:iini«- b,\ the 
gas in forcing its w^ay thrrmgh even a few centinietn's of nienun is 
quite considerable, and unless the funnel-tuU' were Imi^: eiifm;:li t4) 
8Q8tain a column of liquid exerting an etjuul prw»j»un», tin- litpiid in 
would be forced out throutrh thin tulie. 



The gas thus obtained is transparent and colorless, jKisstsses 
»n extraordinarily pungent odor which provokes tears, and has an 
acrid, alkaline taste. It will be found to Ik* uninllaniniable, and 
M, of course, irrespirabla It turns red litmus to blue most tner- 
geticaUy. One measure of water at 0® dissolves 1,049 me;usun's 
of the gas. 

The ready solubility of ammonia-gas may be il lust rat (^d as fol- 
lows : Fill a stout glass tube — an ignition-tul)e, for example, - over 
'^^ury with the gas ; grasp the tube by the top, and, holding' it up- 
^t, dip its mouth into a vessel of water. The water will rush up 
wietube, if the gas be pure, with a force which might bi-eak the tube, 
if too thin. 

65. The solution of ammonia if exposed to the air, or placed 

* 

^ a vacuum, or simply boiled, loses all its gas. When the gas 
B cooled to 0** and subjected to a jiressure of 4 J atmospheres, it 
J8 converted into a transparent mobile liquid. The gas may 
•to be liquefied at the ordinary pressure if cooled to — 40**. 
liquid ammonia in passing into the gaseous state absorbs a hirgo 
>nwunt of heat from suTioun^n^ objects. In certain machines 
httbe production of ice artificially, €kdva,ntage is taikftii oi >i)t!C^ 
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fiust, the necessary cooling of the water being produced, by tht 
lapid evaporation of liquefied ammonia-gas, in contact with the 
vessel containing the water. 

66. Analysis of dry ammonia-gas has shown that it k madfl 
up of nitrogen and hydrogen in the proportion of one volume 
of nitrogen to three volumes of hydrogen, the four volumes of 
the elementary gases being condensed to two volumes in the 
compound. The formula of its molecule is NH,, and its com' 
position may be represented by the diagram, — 
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67. The knowledge thus acquired of the composition of am- 
monia will enable us to recur with advantage to some of. the ^ 
experiments performed in the first part of this chapter. AlBf 
monia-gas, when dissolved in water (as in the Liquor Ammonias), ^ 
may be considered to be in combination with one molecule of 
water, in the form of the compound NH,, H,0 or NH^O. This ",. 
compound may be supposed to be dissolved in the water present in 5 
excess of what is necessary to form the compound. When this ■ 
ammonia-water is mixed with nitric acid (Exp. 18, § 48), a -reac- 
tion occurs similar to that which takes place when nitric acid is , 
mixed with a solution of caustic potash (Exp. 26, § 60) ; there 
is formed a salt called ammonium nitrate ; but, in order to - 
bring out the resemblance, the elements of the compound of J 
ammonia and water must be so arranged as to exhibit its analogy 
with caustic potash, whose formula is KHO. For that purpose, 
its formula must be written (NH4)HO, so that the group of 
elements NH^ shall stand in the formula of ammonia-watei 
wbere the element potassium stands in t\ie iotmxiiXjHL oi c».>\^^t:. 
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L The leaction between ammoiiiikwat^ ami nitric add 
hen be represented by the equation, — 

HJHO + HHO, = (HHJHO. + H,0. 

snia-watw. Nitric add. ^— ■"'t*"!?! aitnte. Water. 

ike — 

KHO 4- HHO, = KHO, + H.O. 

now the formula of ammonium nitrate, (HH4)HO„ be 
ued with that of nitric acid, HHO,. it will appear tluit 
roup of atoms HH^ replaces the atom H^ jiut as the atom 
I in the formula of potassium nitrate : for this reiison it 
^n found conyenient to give to this group of atoms a namf> 
Lg some resemblance to the names of metals ; ami it hits, 
ore, been called ammonium. Ammonium is known only 
compounds ; many attempts have been made to obtain it 
&ee state, but hitherto in vain : as soon as the group of 
escapes from combination, it is resolved into ammonia and 
gen. The important compounds into which ammonium 
, commonly called the salts of ammonium, will be 8tudie<l 
tier in immediate connection with the analogous salts of 
Q and potassium. 

Ammonia exists in very minute quantity in the ntmos- 
and hence in rain-water, fog and dew. It is given off 
trefying animal and vegetable substances containing nitro- 
ad almost every process of slow oxidation in the presence 
and moisture is attended with the formation of ammonia 
monium salts. The chief source, however, of ammonium 
unds is the decomposition, either by putrefaction or by 
ctive distillation, of nitrogenous organic matter. The dis- 
n of bones and animal refuse, for the purpose of making 
lack, yields a large amount of ammoniacal liquor, which 
)rmerly the principal source of ammonium compounds. 
)ms of deer used to be thus distilled ; whence the name 
jhorn." At present, the destructive distillation of coal in 
rks furnishes the great bulk of ammonium compounds 
r the arts. 
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69. The solution of ammonia-gas in water is a reagent con- 
vinuolly required, as a test, in the laboratory, and much used 
in the arts. The solution is colorless, intensely alkaline, has 
a caustic taste, and, when concentrated, blisters the skin ; it 
is lighter than water, and so much the lighter in proportion to 
the amount of ammonia that it contains. The solution may 
he prepared from a mixture of ammonium chloride and slakcd 
lime. 

Bzp. 27. — Mix 25 grms. of ammonium chloride, a substance 
generally sold under the name of sal ammoniaCf with about the sanu 

Fig, 19. weight of cold, freshly-slaked 

lime. Introduce the mixtoK 
into a flask of 500 c c. capacity 
and place the flask on a sand- 
bath over the gas-lamp. Clos* 
the mouth of the flask with ' 
good cork, provided with a d€ 
livery-tube so bent as to coi 
nect conveniently, by means < 
a caoutchouc connector, with ^ 
first of the series of three-neol^ 
bottles (Woulfe-bottles) represented in Fig. 19. On heating the rP-' 
ture, ammonia-gas will be disengaged, and will be absorbed by ^ 
water in the Woulfe-bottles. 

The first of this series of bottles is smaller than the rest, and is '* 
filled so full of water as the others ; it should be kept cool by irnnr* 
sion in cold water ; the delivery -tube coming from the flask into f> 
bottle must not dip into the water at all, so that it will be impossL 
for any water to suck back into the flask, should the gas sudden 
cease to come off from the dry mixture. The construction of * 
apparatus will be easily understood from the figure ; the open ti"* 
which dips beneath the water in each bottle is a safety-tube, wh^ 
by admitting air into any bottle in which a partial vacuum may h^ 
pen to be created by rapid absorption, prevents the contents of t- 
sacceeding bottle from flowing back into it. In order to show the acti^ 
of the safety-tubes, the open tube in the first bottle may be closed f* 
a moment with the finger, and the bottle shaken very gently. Wat< 
will be immediately forced back from the second bottle through tl 
connecting-tube to fill the vacuum caused by the absorption oi th 
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ammonia-gas ; but the moment the finger u reinov«3il fnmi th« nafetv- 
tube, air will enter through the latWr ti) fill the viu-uum, iui<i the 
water in the connecting-tulx^ will fall Imck into the mi^hhI liottli-. 
The ammonia-gas can not avoid three M*|iurute ninliu-ti* with wat<-r iv^ 
it passes through the apparatus, so that all the giu* in »iiire to W. ul»- 
sorbed ; the contents of the fin^t bottle will not Im! um pure iih thon* i>t 
the succeeding. In this experiment the gas will U; nioMtly al^MtilH-.! 
in the first and second Woulfe- bottles. 

The reaction between the ammonium chloride and the HLikt-il 
lime is represented by the following e<|uation : — 

2HH,C1 -f CaH,0, = 2NH, -f CaCl, + 2H,0. 

^^BiBOQiam chloride. SUked lijue. Ammouia. Cmlrium chloride. WAt«-r 

Anunonium chloride is a compound which may be obtained ])y 
Itnngmg together dry ammonia, NH,, and dry muriatic-acid 
gi»s,HCL 

NHj -|- HCl = NH^CL 

ft may obviously be regarded as a compound of the group calh'd 
ttanoniiun, NH^, \v\ih. the element chlorine ; from this view is 
^^vedthe name ammonium chloride. SlakiMl limo is )>n'paiv(i 
7 adding water to quick-lime, whii'h is cluMuii'idly the oxidu t>f 
^tal calcium. 

CaO + H,0 =-. CaH,0,. 



CHAPTER VIL 

CHLOBHTDBIC ACID. 



'0. Kuriatic (sea-salt) acid, called in modem nomenclature 

T^^ydric acid) ia a liquid which has been known for centu- 

™^aud is to-day an article of commerce, largely employed in 

I'" Useful arts. The pure acid is a gas, as ammonia is ; the 

}''f^ mmiatic acid of commerce is only bxl aqneoxia ttoYxyi^YQiU ^i 

5 
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this gas, and gives it up when heated, precisely as ammcmift' 
water yields ammonia-gas. 
This operation may he conveniently performed in the appasstoi 

Y%m» SO* shown in Fig. 20. About 

250 c. c. of the coInme^ 
cial acid is poured in- 
to the flask, which is 
then moderately heated: 
the gas disengaged is 
chaiged with aqueous 
vapor, which needs to 
he removed before thft 
gas is collected. Ffl* 
this purpose the deliv- 
ery-tube is carried to thfl 
bottom of a bottle fills^ 
with* pieces of piiiiuo9' 
stone saturated witfe 
strong sulphuric acid : the moisture of the gas is greedily absorbed fay 
the large surface of acid with which the gas comes into contact, as it 
is forced upward through the acid-soaked stone. The dry, colorlesflj 
transparent gas must be collected over mercury, for it is extremely 
soluble in water. 

The gas is strongly acid in taste and reaction on vegetable 
colors, provokes violent coughing and is wholly irrespirable. II 
is neither combustible, nor will it support combustion. The gas ii 
somewhat heavier than air : it is very soluble in water, and maj 
be condensed to a liquid, although with difficulty. 

The avidity of water for chlorhydric acid gas may be neatly showi 
by thrusting a bit of ice into a small cylinder of the dry gas standing 
over mercury : the ice instantly melts, and the gas as quickly disap 
pears. 

71. The composition of the gas has been determined, both bj 
analysis and by synthesis ; and it has been found that on< 
volume of hydrogen is combined with one volume of the ele- 
mentary gas chlorine (Cl) to form two volumes of chlorhydrii 
acid. The molecule of chlorhydric acid will be represented by 
the formula HCl; and, aa the specifio gravity of ohlorine, iihat 
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iS) the weight of any Tolume compared with an equal voIuiih* 
of hydrogen, is 35.5, the following diagram repreeenU the vuux 
position of this important compound, both by volume and by 

▼eight: — 




CI 
35.5 



= ! HCl 30.5 



J 



72. The mnriatio acid of commerce is made from the most 
abimdant and cheapest of all the natural C(>m]>oundA <>f 
chlonne, — common salt^ whose chemical name is sodium 
cUoride, and whose formula is NaCL This sul)stun('e mi)* 
plies the chlorine : the necessary hydrogen is obt^iineil t*n>iii 
comiiion folphuiio acid (oil of vitriol), whose com]M>.sitii>ii, 
« expressed in its formula BJSO^, we have already iKHiant^ 
^miliar with. The reaction is somewhat various, acconling t^) 
the proportion of sulphuric acid employed; it may 1)« ('itlHT nf 
. fte reactions expressed in the following equations : - - 



KaCl + 


H^o. - 


Ha 


+ 


HNa80« ; 


Som chloride. 


Salphnrio acid. 


Chlorhydric 
acid. 




IIydn>K<'n Solium 

Htlll>llUt«>. 



2 NaCl 4- H|Bd« 



2 MCi + ^a^O,. 

Sodium 8uliiliat«>. 



In the first of these reactions, only one-half of tlie hydrogen in 
neh molecule of sulphuric acid is replaced by soiliuni ; in the second, 
loth atoms of hydrogen are thus replaced. The first reaction requires 
■tore sulphuric acid, in proportion to th6 amount of the product than 
fte second, hut is accomplished with less wear of the apparatus, be- 
ftttW'e a more moderate heat suffices for the first than for the second 
ittction. 
On the manufacturing scale, the salt and sulphuric acid are heated 

. in large iron cylinders, and the evolved gas is absorbed by water con- 
Wned in a series of stoneware Woulfe-bottles. The ortlinary com- 

uMcial acid contains irom 30 to 40 per cent by weight of real acid. 

f lE^. 20. — Place SOgrtns. of dry (or better, fused) coax&^\y iJO^^'Sit^^ 



52 



PHKPARATIOX OF CHLORUYDRIC ACID. 



H7i 




KJilt , in a flask of a litre capacity, provided with a delivery-tube whifll 

can be conveniently connected by a caoutchouc connector witk i 

Pl^. 21. series of small Woulfe-botdfl^ 

il such as is represented in Fig. 811 

Pour 50 gnns. of strong sul- 
phuric acid ujMn the salt, nd 
immediately cork the flask, place 
it upon a sand-bath on the inn- 
stand and connect the delivoy- 
tube with the Woulfe-bottla. 
The tubes by which the gas en* 
ters the bottles should barely dip 
beneath the water contained ui 
tluMii, inasmuch a.s the solution of chlorhydric acid is heavier thw- 
water : the bottles should not be more than half fidl, for the water 
lx?(omeft hot, and increases considerably in bulk. As hot water holdi 
less gas in solution than cold water, it is not amiss to place each thwfr. 
necked bottle in a vessel of cold water. The first Woulfe-bottle shontt 
contain but a small (quantity of water, and the tube coming fromth* 
flask should not <lip into this water. The contents of the flask mm* 
be very (jnulucdly and moderately heated, else a violent frothing ^ 
liable to occur, which would spoil the experiment The acid will b* 
jmrer in the second bottle than in the first, in the third than in ^ 
second, and so forth. 

73. The uses of chlorhydric acid are very numerous : it J 
employed in making chlorine, potassium chlorate, and " chlorid 
of lime " (ble^icldng powder) ; in preparing ammonium chlorid 
and tin chloride ; in the manufacture of gelatin ; for dissolvii* 
metals, either by itself or mixed with nitric acid ; and it is on 
of the most useful reagents in the chemical laboratory. 

74. Chlorhydric acid, as has already been stated (§ 61), differ 
from the other acids with which we have become acquainted in tha 
it contains no oxygen. 

As there are certain compounds called nitrates whose formul? 
may be derived from that of nitric acid by replacing the symbol o 
hydrogen in the acid by that of some metallic element ; so there is 
series of compounds, the formulae of which may be derived from tha 
of chlorhydric acid by putting the symbol of a metallic element i 
the place of the symbol of hydrogen in the acid. These compound 
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tie called chlorides: thus Mxlitixn chloriilc, a>iiiiuf>ii niIi, i<« If aCL 
Chlorides are fomicil in houic aii«ei« hy truatiii^ tli«* iii«'tal uitli i hl'ir 
hydric acid, as in the funiiatioii of zim- rliluriilf (ZaCl,\. K\p. 11. 
}35:iii other cases they ore fonuitd hv tnrjitin;; tin* oxi.l>*, nr tin- 
hydrate, of the metal with chl«>rhydric acid, lut may U* tMfii in ih< <m- 
eqaations : — 



NaHO 

Sodium hydrate. 


+ 


HCl 


» HaCl -f 

Rodiiiifi rlil«>ritlr. 


H.O; 


Silver oxide 


+ 


2HC1 


— 2 Asa + 

811 vcr chlorhle. 


H,0; 


CnO 

Copper oxide. 


+ 


2 HCl 


— CuCl, + 

Copper chloriilr. 


H.O. 



If the formula of silver chloride (▲gCl) In* n>iui»an*<l with th.it nf 

one chloride (ZnCl,), this differeme will Ik; olMervifl U'twivn thtin, 

-that while the molecule of nilver chloriile may Ut ii*pinl»*d a- a 

ffloleculeof chlorhydric acid (HCl), in which the atom of hydn»>;iii 

(B) is replaced by an atom of silver (Ag), the mt>l('('ulc nf /inr 

<Woride must lx» r^ardetl as foi^ned fnim two ninh-iulr-* of «lilt>r- 

■ydric acid (H,C1,) by replacing two atoms of hydnj'/i-n (H^) l»y nur 

of zinc (Zn). Now, there is a cla&s of metnls wliirli, lik»- >ilvir, 

ce hydrogen atom for atom : these metals are said to Ix- uni- 

'^lent There is another clasj* of metals whi<li art 11 ki* zinr in n - 

P«cing hydrogen : they are said to Ix; bi-valent. TIm' .sihh* <lis. 

"Hctioii is seen in the other compounds of tlit-sr rli-iin-iit»» : tlni<, 

■•Iphuric acid l>eing H^O^ zinc sulphate is ZnSO^, and si her 

•ilphate is Ag^O^; nitric acid being HNO,, zinc nitrati- is 

**sO,, and silver nitrate is AgNO.. It will appear hm-aftrr tiiat. 

™je are elements which are tri-valent, (piadri-valiMit, Hi*. In <^'«n- 

®>lteniis, the replaclng-power of any el«*nu'nt with rL'sjK-ct to 

''ytlrogen is called its quantlvalence ; this (pianti valence of an 

^ent may be learned, not only from the nuniln'r of hydrogen atoms 

^hiehthe atom of the element can replace, but also from the nunilxT 

I ''f hydrogen atoms with which it can combine : thus, from the formula 

; wchlorbydric acid, HCl, we learn that chlorine is here uni-valenr. tis 

f veatom of chlorine combines with only a single atom of hydrog('n. 

I (fee also page 288.] 

I J5. Aqua Begia Qtoyal Water). — This name was given by 

I fte alchemists to a mixture of clilorhydric and mUve acids^j 

hame of its power to dissolve gold, the "kin*^ o£ m^^a^**^^ 
J* 
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29. — Place a few square centimetres of genuine gold-lerf 
at the bottom of a test-tube, and pour upon the gold a little stroi^ 
chlorhydric acid ; put some gold-leaf in a second test-tube, and pou 
upon it a few drops of nitric acid : neither acid attacks the gold 
which remains undissolved. If the contents of the two test-tubes IJ 
mixed together in either tube, the gold-leaf will almost immediate^ 
dissolve. 

The efRcacy of aqua regia as a solvent of gold depends npa 
the fact that the nitric and chlorhydric acids mutually decon 
pose each other. Chlorine is set free, and, as it issues from i1 
combination with hydrogen, acts on the gold much more en© 
getically than it would in its ordinary condition. The chloric 
in this case is said to be in the nascent state. . 

There are numerous cases in which bodies, which do not xmi* 
under ordinary conditions, are capable of chemical combination i 
the instant when they are disengaged from other compounds ; and il 
phrase, " in the nascent state" just used, is one of some convenienc 
although it must not be supposed to explain, or in any way to accoiu 
for, the phenomena with reference to which it is employed. 

76. The practical importance of a knowledge of the atouL 
weights in calculating the proportional amounts of the differe. 
substances taking part in any case in a chemical action, b 
already been alluded to in §§ 36 and 63| and may be fiurtb 
illustrated as follows. In the manufacture of chlorhydric aci 
for instance, suppose it were required to ascertain how mu( 
sulphuric acid would be necessary to decompose 100 kilos, c 
salt, bearing in mind that the result may be effected according 
either of the two actions formulated on page 51. 

The molecular wt. of NaCl is 23 -}- 35.5 = 58 

" " " H^SO, is 2 4- 32 -f 4 X 16 = 98 

" " " HNaSO, is 1 -f 23 -f- 32 -f 64 «= 120 

" " " Na^jSO, is 46 4- 32 -f 64 = 142 

" " " HCl is 1 -f 35.5 « 36 

Tlie weight of the sulphuric acid needed in the two cases 
ascertained hy solymg the following proportions : — 



177.] 

Fint ) 
nxction) 



Second ) 
Raetion j 



THM VHLORISK UHOl'H. 

5&5 98 — KN) 

MoL wt, Mol, hPt, No. kiht. 
Had HBO. MaCl um^ 



ri:i 



117 
Mol. wt. of 
2NaCl 



98 = 



1(K) 



\o. kilin. 
HfftO« iittiUtL 

■J- ( -^ S3.7n) 



The weight of chlorhydric acid gas produced in the two ra.^<*« 
will be precisely the same: it is deduced from tho prii|»..i 

tiong, — 



MaCl 



36.5 = UK) 
Mol. %Dt, Kiloi. 

HCl XfaCl useil. 



leaction) 



73 = KK) 
MoL wt. 



X (— Gi.3«J) 

Kilos. 
HCl producetl. 

X (= 6i.3J)) 



117 
Afo/. ir^ 
2HaCl 

The weights of the residual sodium salts in the two case's uiiiy 
he deduced as follows : — 



[ Km ) 

Kaetion) 



58.5 



120 = 



100 

Mol. it/. MoL wt Kilos. 

HaCl HHaSO^ HaCl used. 



nietioni 



117 
Mol. wt. 
2HaCl 



; 142 = 
MoL wt 
Ha,SO, 



100 



x{= 205.13) 
Kilos, of 
HNaS6« 

x(= 1L>1.37) 
Kilos, of 
Na^SO^ produced. 



CHAPTEE VIII. 

CHLOSIHE, BBOMnrE, lODDTE AKB FLUOBIHE. 

CHLORINE (cl). 

77. Chlorine is an abundant element and very widely dis- 
puted in nature. It exists chiefly in combination with 
(odium as sodiimi chloride, which is called rock-salt or sea-salt, 
•ecordingly as it is found in beds in the earth, or dissolved in 
tte water of the ocean. Every litre of sea-watet mVL "^ield «bbQ\it 
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5 litres of chlorine gas. Besides sodium chloride, sea-water con- 
tains small quantities of the chlorides of several other metals; 
tliere are numerous minerals, also, which contain chlorine. 

78. Chlorine can readily be prepared from chlorhydrio add 

by n*niovin^ tlie hydrogen of that acid by chemical means. 

Ezp. 30. — In a flask of about 5(X) c.c capacity, furnished with 
u suitable delivery-tube, place 8 or 10 grms. of coarsely-powdetef 
imuiganese binoxide ; pour upon it 20 or 30 grms. of common muriatift 
acid, and gently heat the mixture. Chlorine will soon be disengagedf 
and may be recognized by its peculiar color. Being very heavy, th« 
gas may best be collected by displacement in dry bottles placed ill 
the open air or in a case or box provided with an efficient draft It 
may also be collected over warm water or brine in the water-pan. It ,- 
can not be well collected over water at the ordinary temperature, since 
it is rather easily soluble therein ; though the difficulty may be obvi- ^ 
ated in pin-: by evolving the gas rapidly, or by passing the deUveFy- 
tube to the top of the bottle in wluch the gas is collected. It miut 
not be left standing over water, since it would soon be entirely ah- -' 
sorbed. In experimenting with chlorine, care must always be taken . a 
not to inhale it. , ■■ 

The reaction which occurs in this experiment may be thus formu- ^j 

lated : ^ 

MnOj + 4HC1 = 2H,0 -f MnCl, -f- 2CL i 

Manganese binoxide is a substance rich in oxygen, which, under i 
certain conditions, it readily yields up to other elements. In the case 
before us, the oxygen of the manganese binoxide unites with the 
hydrogen of the chlorhydric acid to form water. jPie chlorine of the ■ 
chlorhydric acid unites in part with the manganete, to form man- 
ganese chloride, and is in part left free. ^ ' 

79. At the ordinary temperature, chlorine is a gtts of yellow- 
ish-green color, 2.5 times heavier than atmospheric air. Its 
specific gravity and atomic weight are 35.5. It is exce^ively 
irritating and suffocating, even when inhaled in exceedingly | 
small quantities. Any attempt to breathe the undiluted gas 
would undoubtedly bo fatal. 

80. Chlorine is a powerful chemical agent. It combines with 
hydrogen with explosive violence when a mixture of the two 

^'ases is heated, or even exposed to sunlight. 



PROPMnriES or CHLOMIXiC. 



•tl 



L — In a soda-water bottle, which iiiuiit In* McrMfiuil fn»iii 
bt hy wrapping it in a towel, unlewidireia and n-licrttMl nun- 
icluded from the rooni, mix m^uuI vuluniert of cLloiiKe umI 
then nrmove the c(»rk and hold the mouth of tht- iMittlc in 
of a lamp. A 8hari) explusiun will ciihue. 

^ure of the two gasea may be kc*pt in the dark for any 
r time without change : in dill'timMl daylight, thry 
inite only alowly and graduajly ; but, in tlin-^t Mun 
3 union is so instantaneous as to be attended with 



lorine combines also very readily with many uf tin* 
be combination being in several im^tances attcndi^l 
lution of light. 

!. — Fill a bottle of at least half a litre ca|Micity with dry 
as, by displace- Fls. SS« 

radually sift a 
►r two of very 
dered metallic 
into the bottle. 
I will instantly 
and fall in a 
ate to the bot- 
e bottle. This 
s the formation 
>und of chlorine 
ony, a portion 
all be seen per- 

bottle as a white smoke. 

cessary for the success of this experiment, that the gas bo 
' dried ; this is effected by heating the flask containing 
nese binoxide and chlorhydric acid gently, and passing the 
irough a tube filled with chloride of calcium. (Appendix, 
is not amiss to interpose a small bottle between the flask 
ying-tube : this bottle may be kept cool by immersion iu 
will retain a considerable portion of the moisture carried 

the gas. 

►eriment, and, indeed, all experiments with chlorine, should 
ed onljr in places where there is a current of aii KaSidentt^j 
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puwerful to cony away from the operator the volatile products of A> 
reaclioa. together with uiy chlorioe which may escape from the bottb 
As io the case of the union of Bulphor with copper (Exp. 1, 
§ 2), so here it will be seen that bttmisgf, as commonly uILde^ 
stood, is in no wise peculiar to the union of oxygen with the 
other elements. In the act of chemical combination, heat ia 
always evolved, and, of comsc, light as well, if particles of soliii 
matter be present, and become hot enoiigh to be luminous. 

Since oxygen is very abundant, we are more accustomed to 
witness exhibitions of its chemical action than of that of mJ 
other element ; but we must not, therefore, lose sight of the fsid 
that among the elements, there are several which possess chemi- 
cal power as great when brought into play,, though not as fre- 
quently exhibited as that of oxygen. 

82. A biirniDg jet of hydrogen, on being introduced into I 
jar of chlorine, will continue to burn with a peculiar greei 
light, the two gases uniting to form oblorhydric Boid; and 
by reversing the experiment, chlorine may just as well be burne" 
in an atmosphere of hydrogen. Although chlorine is thus boti 
combustible and a supporter of combustion, as far as hydrog^ 
is conceraed, it does not unite directly with either oxygen o 
carbon. 

bit of paper, attached to a wire, be dipped in hot oil of turpen 
tine, and then quicltly plunged into a bottle of cjilc 
rine, it will usually take fire spontaneously, and bur 
with evolution of dense black fumes. On accoui 
of the volatility and ready inflammability of oil o 
turpentine, it is beat heated upon a water-bath (A[ 
pendix, § 17), in a porcekin dish. 

Bxp. 33. — Thrust a burning taper, or a bit o 
flaming wood or paper, into a bottle of chlorine gas 
the flame will become murky, Mid, after stn^lin 
for a moment, wUl go out. Much smoke is at th 

The wax, wood, paper and turpentine of the for* 

going experiments, and, indeed, most of the ml 

cvdiitarilj used as combustibles, contain hydn^n and carboi 
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The hydrogen of these BubsUnoes will bam in chlf)riiM% that iji, will 
luute chemically with the chlorijie to funu chlnriiydii*: at-iil ; but tbtr 
carbon will not thus unite with chlorinu. Heiiu; it \* thid iu tbt: c*i 
periments iu question the coiubuition \a at the exiMtiMc tjf the hyiln>- 
gai;tlie hydrogen of the candle, tuqientine and mo forth, uliuir 
mutes with chlorine ; while the corUm is nut fruc om lani|»-biai k *n 
smoke. 

83. Chlorine is a powerful bleaehing agent, au<l, on this 
tecoont, is of great importance iu the arts. The chlorin<7 t«i 
be used for this purpose must be moist : perfiH:tly dry chlorin** 
^ not bleach. 

This may be illustrated by passing i)erfectly dry chl(»rim> throii;^'h a 
^ tube filled with bits of colored callci). The i:uloriii); mattn-H 
will not be destroye*! so long as they remain tlry ; but if, after ihr di v 
chlorine has been allowed to act for a lew iiiinutv!*, u littKt wa(<*r U; 
poored into the tube, so that its contents may )m; nioistuiiLMl, tht-y will 
be bleached at once. 

Those coloring matters which arc of vegetable or animal ori^^in an*, 
wr the most part, complex com|)oundH of carlxui, hydropMi. nitr»>;:i'n 
find oxygen. When moist chlorine is brought int<i coiitoi-l wilh tlifiii, 
^somewhat complicated reaction occurs : a iK)rti()n of their hydro^rfu 
^ no doubt, taken out by the chlorine ; but, at the same time, some (»f 
we water which is present is decomposed, and its oxyj^'eii assists the 
^organization of the compomid which is to be destroye*!. As u rule, 
^coloring matters are far more easily oxidized than the cotton 
cloth ; hence they can readily be removed by the m'tion of chlorinii 
without injury to the cloth. But, if the action of the chlorine were 
^ be continued after the coloring matter had been destroyed, the 
cloth itself would gradnally be burned up. 

The bleaching properties of chlorine may 1^ conveniently illns- 
^^^ted by means of an aqueous solution of chlorine, ohlorine- 
^ater, which may be prepared by connecting the flask iu which 
tiw gas is generated with a series of Woidfe-bottlea, as in the prcpa- 
tttion of chlorhydric acid. (Fig. 21, § 72.) 

Bscp. 34. — Pour into a small bottle a quantity of chlorine- water, 

wop into it a small quantity of a solution of indigo, and stir the 

Biixture with a glass rod. The blue color of the indigo will be imme- 

■fctely 'destroyed. 

In the same way, the color of litmus, cochineal, amliftft-^^ur^le, or 
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of ilowers, calico, and the like, can be readily destroyed by inmienitii 
in chlorine-water. 

84. Chlorine is also employed as a diBinfeotant. It destio|i 
- noxious elliuviii, either by actiq^ on them as on coloring matteOi 

V^r by simply taking away hydrogen, as in the case of sulphimt' 
v5i^ed hydrogen, hereafter to be studied. 

85. Oxides 'and Acids of Chlorine. — Five compounds' of 
oxygen and clilorine are recognized by chemists, although tlusf 

• liave not all been isolated. Four of them combine with the 
/elements of water to form acids. Of these compounds th0 
most important is chloric acid (HClOs) corresponding to nitrio 
acid (HNO3), and giving rise to compounds called chloratafi 
Potassium chlorate (KClOs)) one of these compounds, unis 
used in Exp. 4, § 12, as a source of oxygen. IJnder the is- 
. fluence of heat, it is decomposed into oxygen and potassium 
chloride : KCIO3 = KCl + Os* 

One of the salts of hypochlorous acid (HCIO), namelfi 
^ calcinm hypochlorite, is of great importance in the arts 
being an ingredient of " chloride of lime," or bleaching 
powder. This substance is used in very large quantities Co 
bleaching purposes : its value depends upon the readiness wit: 
which it gives off chlorine under the influence of chemic^ 
agents. When it is treated with any acid, chlorine is disal^ 
gaged. 

Ezp. 35. — At the bottom of a large, tall beaker, or other wid< 
mouthed glass vessel, of the capacity of two or three litres, place 
small bottle containing 15 or 20 grms. of bleaching-powder. Cov^ 
the beaker with a glass plate, or sheet of pasteboard, provided with 
small hole at the centre : through this hole in the cover pass a jffiistl^ 
tube down into the bottle of bleaching-powder, and pour upon i 
several small successive portions of sulphuric acid diluted wito a: 
equal volume of water. Chlorine gas will immediately be set fre 
from the bleaching-powder, and, falling over into the bottom of th 
large beaker, will gradually press out and displace the air'theiei: 
contained, so that, after a short time, the beaker will be seeiv/to Ji> 
completely filled with the green- gas. This is by far the easies^lDtnt 
most expeditions method of pj«jj>a3cing chlorine. The heavy qmjto' 
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kladledout of the jur with u ilippfT iiiiiilo rif any *\\\'a\\ Uitfl*-, unil 
poiired upon a solution of imli;^) tn show it-* lilr.ii'hin^' jmjwit. 

Ezp. 36. — Soak a l>it of printe<l laliii* in .i iLilf-litn* nl w.ili-r. iiit<i 
which 10 or 15 gmis. of l»li'!a«-liing-iMiw«ler have Uin »lim*«l. nli.. i \ ■■ 
that the color of the calico slowly unili-r^K'H rlian;{i* ; tlu-n tr.iii-l- 1 
the cloth to anotlicr Ixittlc fiIlL*<l with wry ililutf rhlmln'lii* -i 

Eolpliaric acid, and take note of thr rapidity with whit-Ii fh V*\ i- 

discharged. If need be, again imnuTst; the raliro in thi- Mi-.t< }ii:i/ 
hath, and afterwards in the dilute ucid. Finally, wunh the whii«noi 
doth thoroughly in water. 

BROXixE (nr). 

86. Bromina is an element closely allie<l to chlorine. It i^^ 
^din small quantities in sea- water aiul in the water i»f iiriny 
BsHne springs. One litre of sea-water (contains from o.iil i.i 
to 0. 1005 grm. of it. As it exists in natiiiv, it is I'oinlMii'd 
^th metals, magnesiiiiii bromide lK.>in^ tli«* rnin]K)iiii(l iii<i<,t 
commonly met with. Kagnennm bromide is a const it ut-nt 
rf the micrystallizable residue, called hilt'Tn, wliidi niiiiiin-i 
^f the sodium chloride has been cry-st^dli/^tl out fnun the 
^^stiiral brines : at several saline sprinj^ this bittern ('ontaiiis so 
*gB a proportion of the bromide, that bromine <-an be prolitably 
extracted from it. Most of the bromine of comnicnje is thus 
obtained. 

87. At the ordinary temperature, bromine is a li(iuid of dark 
•Sown-red color, about three times as heavy as water, ami hi«dilv 
pOKoncus. Its odor is irritating and disagrc^eabh', whence tlio 
SBDie bromine, derived from a Greek word signifying' a stcncli. 
It boils at about 60**, but is very volatile even at the ordinary 
fempeiature of the air. 

^- 37. — By means of a small pipette, throw into a flask oi 
"ottle of 1 or 2 litres' capacity 3 or 4 drops of bromine. Ct>ver 
«e bottle loosely, and leave it standing. In a sliort time it will he 
«*i<d with a red vapor, which is bromine gas. This vapor is veiy 
*4vy, more than 5 times as heavy as air and 80 times heavier than 
'iydiogen. 

88. Id its chemical behavioT, as well as in many oi \\>% \)^v^J^v 
^piopeHies, bromine closely resembles chlorine. 
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Its affinity for hydrogen, though weaker than that of chlorine^ i 
Ptill powerful. Like chlorine, it is an energetic bleaching and dia 
fecting agent If finely-i>owdered metallic antimony be thrown int 
bromine, violent chemical action takes place. The metal bums u i 
chlorine, antimony bromide being formed. 

89. Bromhydrio Acdd (HBr). — Like chlorine, bromine f(»n 
with hydrogen a compound in which equal volumes of the tw 
elements (the bromine being in the state of vapor) are unito 
without condensation. Bromhydric add is a colorless, irritatiii 
gas, readily soluble in water. 

Bromic acid (HBrO,) is analogous to chloric acid (HCSlOyI 
The bromates resemble the corresponding chlorates. 



IODINE (i). 

90. In its chemical properties iodine bears a striking res^ 
blance to bromine, and consequently to chlorine also. It exisi 
in sea-water and in the water of many saline and mineral spnog> 
The proportion of iodine in sea- water is exceedingly small, beiu 
even smaller than that of bromine ; but iodine is obtained inoi 
readily than bromine ; for iodine is absorbed from sea-water b 
various marine plants, which, during their growth, collect an 
concentrate the minute quantities of iodine which the sea-wab 
contains, to such an extent that it can be extracted from the 
with profit. 

91. At the ordinary temperature, iodino is a soft, hea^ 
crystalline solid of bluish-black color and metallic lustre. 1 
specific gravity is 4.95. It evaporates rather freely at the < 
dinary temperature of the air, and the more rapidly when it 
in a motst condition. Its odor is peculiar, somewhat resembli 
that of chlorine, but weaker, and easily distinguished from 
It is but slightly soluble in water, but dissolves readily in al< 
hoi. The atomic weight of iodine is 127. 

The vapor of iodine is of a magnificent purple color, when 
the name iodine, derived from a Greek word signifying viol 
colored, Tbia vapor is very heavy, — indeed, tk^ keavieat 
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ill known gases : it is nearly 9 times as heavy as air : itn H|MM*ific 
gmyitj referred to hydrogen is 1 27. 

fiq). 38. — Hold a dry test-tulw in the ;(a>i-lainp by nKMim of thi* 
wooden iiijtpers, and warm it along it:« eutin* li;n;:t)i, in mi fiir iif thit 
18 practicable. Drop into the hot tube a Hniall fni}(ini'nt of iiMlim- uimI 
observe the vapor as it rifles in the tulw. If only h Hniall fNirtinn of 
the tnbe were heated, the vapor would be dt*|Mjiuted an mi] id itMiinr 
i^ii the cold part of its walls. 

92. Solid iodine is never met with in the aniorphoui^, shnite- 
less state in which glass, resin, cool and many f»tlif*r Hulistan<-«-H 
occur. No matter how obtained, its particles alwavH cxliibit a 
definite crystalline structure. If the iodine bo moIttMl, and tln'ii 
allowed to cool, or if it be converted into vajMT ami tlii.s vapor 
l)e subsequently condensed, crystals will >m* fonncil in (Mtln-r 

36. 

93. A singular property of iodine is \i& power of fonniii*: a 
lihe compound with ftaick 

Bxp. 39. — Prepare a quantity of thin stan-h paste by lM»ilinj^ :i() 
tc of water in a porcelain dish, and Btirring into it (>.'> \*x\\\. <»f Marrh 
'iach has previously been reduced to the crnis*i8tcMu-y of cream l»y 
nblnng it in a mortar with a few drops of water. 

Poor 3 or 4 drops of the paste into 10 c. c. of water in a test-tub<*, 
^ shake the mixture so that the paste may l)e eciuably ditfiiFetl 
l^tioogh the water, then add a drop of an aqueous solutitm of itnline, 
*d observe the beautiful blue color w^bich the solution nsHunies. If 
^ solution be heated, the blue coloration will disappear, but it re- 
appears when the liquid is allowed to crx)l. 

Kp a strip of white paper in the starch-paste and suspend it, while 
^ moist, in a large bottle, into the bottom of which two or three 
^^Is of iodine have been thrown. As the vapor of icnline slowly 
^ffoses through the air of the bottle, it will at List come in contact 
"^ the starch, and after some minutes the pai)er will be colored 



This reaction furnishes a very delicate test for iodine. By 
t means it has been proved that iodine, though nowhere very 
•kondant, is very widely distributed in nature. This reaction is 
^imde the basis of a test for chlorine. Strips oi ^^^ «:s^ 
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smeared with starch-paste into which potassium iodide in sohttioB 
has been stirred. The paper is dried and kept in stoppend 
bottles. W)ien a strip of this paper is moistened and exposed to 
clilorine gas, tlie chlorine attacks the potassium iodide, potaBaion 
chloride is formed, and iodine is set free. The iodine thus ael 
free manifests itself by imparting the characteristic blue color to 
the starch:— KI + CI = KCl + 1. 

94. As has been already stated, iodine, in its chemical \» 
havior, resembles chlorine and bromine, only its affinities an 
more feeble. It enters into combination with less energy tiian 
either of these elements, and is displaced by them horn most 
of its combinations. Like them, it unites directly with the 
metals and with several other elements. It gradually conodei 
organic tissues, and destroys coloring-matters, though but sbwly. 
Iodine and certain of its compounds are much used in medicine 
and in photography. 

95. lodohydric acid (hi) is a colorless acid gas of suffo- 
cating odor, very soluble in water. It is made up of eqoB^ 
volumes of hydrogen and iodine vapor. The proportions bj 
weight are 1 part of hydrogen to 127 parts of iodine. Th^ 
chemical effect of the small proportion of hydrogen contain^ 
in iodohydric acid is most remarkable. Only y^^, or less tlutf 
1 per cent of iodohydric acid is hydrogen ; yet this very smJ 
proportional quantity of hydrogen is competent to impart to th 
new compound properties possessed by neither the iodine H^ 
the hydrogen : the acid bears no resemblance to either of i^ 
constituents. 

Iodic acid (HIO,) is analogous to chloric and bromio aoid 
The iodates correspond in composition and general character < 
the bromates and chlorates. 

96. Nitrogen Iodide. — Nitrogen forms, with chlorine, br> 
mine and iodine, a class of compounds which are very explosiv 
Nitrogen chloride is extremely dangerous, often exploding spoi 
taneously without apparent cause. Nitrogen iodide is muc 
less explosive and may safely be prepared in very small quai 
titles. 
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Bxp.40. — Place 0.:S5 gnu. of finely- iMiwdcrtil i<Hliiif in .1 |h.m- 
Iain capsule, puur ujmmi it eiioii;;h concent ml vil uniin«itii.i m.iIi-i Im 
wmewhat more than cover the itxline An<l allow tlif niixtntv ti -liihI 
daring 15 or :2() iuiuut«*s. Ciillrct in S4*v4-r.il miiuII lilti-r« (.\;<}nii 
(lix,§15)the iurtohihle ilark bruwn |MiwtU-r which will Im- 1> ii!!*! .it 
ie bottom of the li([uitl. Wui«h well with rolil watn* aii<l tlii:i 
Rmove the filtem, t^ij^ther with their cout4*nt?«, fnriii tin* fiiiiiu-I'* : |ii!i 
them upon bits of Ijoanl, and allow thein to xXry H|M>ntinfiii-l\. 'I ii<- 
powder id the nitrogen iodide. Ah Hyop as il luu U'cnnit* tli«iiiiii-)iU 
(by, it will explode uix)n being ruhbetljCiVen with a ft-athi-r, or jiin-i, 
ttbythe shutting of a door, or by a bWw U[H>n tlut wall nr t.iMr. 

97. The Chlorine Oronp. — Chlorini, bromine an*! iodine 
constitute one of the most remarkable an<l lK*Mt«h*tinril n.itpr.il 
groups of elements. Whether we n^rd tlu* iinruniliinctl «lr 
nentsor their c(»mpounds, it is iniiMJSsible not to Im- strurk with 
the close analogies which subsist U-tween thfin. 

With hydrogen, all of these ehaumtM iiniU^ in the ]in»pi>r- 
tion of one volume to one volume, without con(hMis;iti«in, Id 
form acid eomponnds extremely soluble in waUT and (xts- 
ttssing tliroughout analogous proiierties. MonM»vrr, ra'-h of 
tiiem forms a powerfal acid containiii;^ thnMi atoms of ozy- 
pDi besides divers other compounds of obvious likcnr.^s. 
With nitrogen they all form explosive conipounds. Many 
tunilar analogies will be made manifest as we prmu'ed to .study 
^ other elements and t\eir conijtounds witli this chl(»rinn 



There is a family resemblance In^twecn th(>s(*. tlm^e. elements 

u regards their physical as well as their chemical e.hanic- 

teristics ; but with all their properties, a di.stinct pro^n?Ksion 

* observable from chlorine through bn)mino to iodine. At 

the ordinary temperature, chlorine is a gas, bromine a liquid 

tod iodine a solid, though, at temperatunjs not widely aj)art, 

tiiey are all known in the gaseous and licpiid states. The 

^)ecific gravity of bromine vapor is greater than that of chlo- 

flne, and that of iodine greater than that of bromine. Chlorine 

gM is yellow, the vapor of bromine is reddish-brown, tliat of 

iodine violet So with all their other properties, — dilorine will 
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bo at one end of the Bcalo, iodine at the other, while hicmine 

invariably occupies the intermediate position. 

The proi)ertie3 of the members of this group illustrate what 

i 

seems to- be a general i)rinciple ; muiiely, that among the mem- 
bers of a nutunil chemical grouj), chemical energy is inversely 
pro})ortional to atomic WMg;)Lt.;/'Jjhus, the atomic weight of 
clilurino is 35.5, that ofj^^t^iQlf^O and that of iodine 127; 
while the chemical energy ^^k^ese elements follows the opposite 
onler. -HT .J 

^yORINK (f). 

98. There is another subs^ce, called flooiilLe, which ii 
closely analogous to chlorine. '^ It occurs tolerably abundantly 
in nature as calcium flnoride -(€^2)) i^ ^'^ mineral known as 
fluor-spar. Small (|uantities of fluorine are found also in several 
other minerals, in vegetabje and animal substances, porticulaily 
in bones, and traces of it occur in sea-water and in various rocks 
and soils. Of late years a considerable mine of a fluorine min^ 
eral called cryolite (fluoride of sodium and aluminum) has been 
worked in Greeiiland. ^ * 

99. Fluorine can not be readily obtained in the free state and 
scarcely any thing is kn^wii of it in that condition. Of aU the 
elements, it appears to Imve the st^e^ngest tendency to enter into 
chemical combination. It is not 'only difficult to expel fluorioie 
from the minerals in which it is found in nature ; but, on being 
set free from one compound, it immediately attacks whatevei 
substance is nearest at haiid, and so enters into a new combinar 
tion. Hence it is welliflgh impossible to collect it. Little of 
no doubt, however, is entertained as to the general nature of 
fluorine, since its com^mids are closely analogous in many 
respects to the correspoffding compounds of chlorine, bromine 
and iodine. It is to be remarked that fluorine is the only ele- 
ment known which forms no compound with oxygen. The 
symbol of fluorine is P. Its atomic weight is 19. 

100. Fluorhydric Acid (HP). — With hydrogen, fluorine 
forms a powerful acid corresponding to chlorhydric acid and the 
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other hydrides of the chlorine K^^'Up. It is a iii<>n> finT^'i-tK' 
acid than either of these, but is spui-iully ('h.'ir.KtiTi/t'd i>y its 
corrosive action upon glass. It niuy 1h; nviilily pn'ikin-ii h\ 
distilling powdered fliior-ajKir with strung Hiilpliurir :ii-i>l ; thi* 
reaction being analogous to that wliich occurs wlicn roninmn .-^ilt 
is treated with sulphuric acid : — 

CaF, + H^O« ». Ca80« + 2HF. 

Since the acid rapidly corrodes glass, tlit? process must In* r-nn 
ducted in metallic vessels. Ordinarily, naorts td' Irati or pl.iii 
num are employed, and the distilhite is coUvctrd in rtM«i\«i-.s 
made of the same metals, and carefully cooled l)y mfaiis of ii-t*. 

The acid thus prepared always contains a small amount of 
water which it is difficult to remove completely. The /M'r/tril// 
dry acid, which may be made by the distillation of dry liydro;^in 
potassium fluoride is, like that prepared as above, a vrry volatile, 
fdming liquid ; it does not, however, act upon ghu^ 

This corrosive power, possessed by moist fluorhydric acid 
gas, as well as by its aqueous solution, is made use of for ctrli- 
ing glass. The graduations on the ghiss stems of thcrmom*'ti rs 
and eudiometers may thus be made with griMt precision an<l 
&cility : the acid is largely employed also in ornamenting glass 
with etched patterns. 

Bxp. 41. — Warm a slip of glass, and rub it with beeswax bo that 
it shall be everywhere covered with a thin, uniform layer of the wax. 
With a needle, or other pointed instrument, write a name, or trace 
«ny outhne through the wax, so as to expose a portion of tlie gUiss. 
Lay the etching, face downwanl, upon a lx)wl or trough of sheet-lead, 
in which has been placed a tea8i>oonful of powdered fluor-spar and 
Plough strong sulphuric acid to convert it into a thin paste. 

Cover the glass and the top of the dish with a sheet of paper and 
then gently heat the leaden vessel for a few momenta, tiiking care not 
to melt the wax ; then set the dish aside in a wann place and leave it 
at rest during an hour or two. Finally, melt the wax and wi]>e it off 
the glass with a towel or bit of paper ; the glass will be found to be 
etched and corroded at the places where it was laid bare by the re- 
moval of the wax. 
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CHAPTER IX. 

OZOHE. 

101. Besides ordinary oxygen, such as is found in the air an 
has been prepared in Exps. 3 and 4, another kind or form o 
this element is known to chemists. This new modification o 
oxygen has received a special name, and is called ozone. 

Seveml other elements, notably sulphur, phosphorus an< 
carbon, occur, aa oxygen does, in very unlike states, or with ver 
diii'erent attributes, while the fundamental chemical identity of th 
substance is preserved. The word allotropism is employed t< 
express this capability of some of the elements : it is derived iron 
Greek words signifying of a different habit or character. This won 
serves merely to bring into one cat^ory a considerable number oi 
conspicuous facts, of whose essential nature we have no knowledge 
there is, of course, no virtue in the word itself to explain or accoun 
for the phenomena to which it refers. 

102. Ozone is an exceedingly energetic chemical agen 
which resembles chlorine in some respects : it can therefor 
be advantageously studied in connection with the chlorine 
group. 

It was long ago noticed that when an electrical machine 
was put in operation a peculiar, pungent odor was developed 
More recently it has been observed that the same odor is mani 
fested during the electrolysis of water (§ 26), and that this odo 
resembles that evolved by moistened phosphorus when expose! 
to the air. It has gradually been made out, that the odor V 
each of these cases is due to the presence of a peculiar modifies 
tion of oxygen, called ozone from a Greek word signifying t< 
smell. 

103. Ozone may be best prepared by certain electrical voB 
chines devised for the purpose ; but the phosphorus metliot 
nril/ usual}'" "" ^ "d most convenient. 



^ 
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Ezp. 42. — In a clean Imttle of 1 or S litnV rA|ia«-ity |iliirr u yuir. 
of phosphorus 2 or 3 c. ni. long, the Hurfucf of whii-h huit Ufii N-m|N-<i 
clean (under water) with a knife ; |)our water into thi: iNitth- until 
the phosphorus is half coventl ; cIohu the liottUr with a Iimm* ht up- 
per, and set it aside in a place where the tenijK*niturf iM ^i*' or lint'*. 
In the course of ten or fifteen minutes a column of fo^ will )•«• mvu 
to rise from that portion of the phosphorurt wliii-h pniji-ciN alii>v«' the 
water: the original garlic odor of the phoHphi»ruH will hnmi In- ln-t, 
and the peculiar odor of ozone will gradually |N'r\':iil(' thi* Imtili. 
After one or two hours, the bottle will Im; found to contain an n\'\iu- 
dance of ozone for purposes of illustration. 

The chemical changes which occur during this cxiH'rinn'nt an; 
complicated ; it will be enough to say of them that tin* pliosplinnis 
unites with oxygen from the air in the Ixittle to fonii an oadde of 
phosphonui, that during this procefts of oxidatton a portion <if 
the oxygen in the bottle is changed into osone, and tliat some of tliu 
oione remains, even after several hours, ditiu^ed in the air uf tlie 
boUle. 

It must be distinctly understood that only a very minuto 
quantity of ozone is obtained in the foT(><^oing oxprriinont ; 
kt ozone is a substance possessing gnMt chemical ]M)W('r, and 
Wt little of it is needed in order to exhibit its characteristic 
properties. 

104. Omie is an irritating, poisonous gns : air whidi is 
Mghly chaiged with it is irrespirable, and pro<luces t'tlVMtts on 
the human subject similar to those produced by chlorine. Its 
odor, which has been compared to that of weak chlorine*, is so 
powerful that it can be recognized in air containing only one- 
^onth part of the gas. Like chlorine, ozone bleaches and 
destroys vegetable coloring matters, and is a powerful disin- 
*ctaiit. like chlorine, it instantly decomposes the iodides of 
^ metals ; upon this property is based a ready method of 
*8tmg for its presence. 

Bxp. 43. — Into the bottle of ozonized air (Exp. 42), thrust a 
*W8tened slip of test-paper, saturated with starch and iodide of 
potassium, prepared as described in § 93 : the paper will instantly 
^uire a deep blue tint. 
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As in the case where the test-paper is employed for detect 
chlorine (§ 93), so here, the reaction depends upon the displacem^ 
of the chemically feeble iodine by the more powerful ozone : — 

2KI + O — K,0 + 2L 

The ozone here acts as oxygen, in one sense : at all events, the potac 
sium oxide formed is not to be distinguished from potassium oxid 
prepared with common oxygen ; but this in no wise contradicts the fac 
that ozone is an extraordinarily active and energetic variety of oxy 
^en, inasmuch as common oxygen will not effect this decompositioi 

105. The great difference between ordinary oxygen and the alio 
tropic modification, ozone, is generally explained by supposing tha 
while the molecules of oxygen and the molecules of ozone are hot! 
made up of oxygen atoms, the former contains two atoms in each mole 
cule (see page 90. ), while the latter contains three atoms. This ide 
is strengthened by the fact that when oxygen is converted into ozon< 
a condensation takes place, and when the ozone is reconverted int< 
ordinary oxygen there is an expansion to the original bulk. Othe 
observed facts lead to the same conclusion, and the action of ozone oi 
potassium iodide would probably be more correctly expressed by thi 
equation : 

2KI+O3 =K,0 + 2I+02. 

106. The oxidizing power of ozone is intense. Whei 
moisture is present, it oxidizes all the metals excepting gold 
platinum and the platinum metals : even silver is oxidized bj 
it at the ordinary temperature, and becomes covered with i 
brown coating of an oxide of silver. In like manner, mosi 
organic substances are quickly oxidized by ozone : when sub 
stances such as saw-dust, garden-mould, powdered charcoaL 
milk or flesh, are thrown into a bottle of ozonized air, the odoi 
of ozone instantly disappears. 

By virtue of this strong oxidizing power, ozone is of greal 
importance as a disinfecting agent. It destroys instantly a 
multitude of oftensive gases, sucli as arise from decaying animal 
and vegetable matter, and has been frequently recommended of 
late as a substance well fitted for the purification of sick-roonii 
and Jiospital-wards, 
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107. A minnte proportion of ozc»ne u^nin to (*xiHt in nonn.-il 
atanospheric air: it is especially abundant aAc*r a tlniiulcr ht<irni 
It is seldom found in the air of thickly inlial>it«'<l l«Mali 
ties. At temperatures above 100^ ozone is <-onvcrt4Ml into dnlj- 
naiy oxygen. 

108. Antozone. During the oxidation of {ihrisjih or us in nl«•i^t 
air, Exp. 42, it was no doubt noticed that tlie Uittlt* iNianic 
filled with white fumes. Also in Exp. 7, { 17, durin«: the rapid oxi- 
dation of phosphorus there was produced a white mist of (■()n>i>I«'r:il>If 
permanence, which remained long after the nxidfs of ]ilios|i|inriH, 
which were also formed, had been absorlM^l by the wattT. Mon-- 
over, if electrized oxygen (or electrized air) In; jiasHt^^l thmn^'h a 
solntion of potaflsium iodide, the ozone will Ih.* <'oni]>]etfIy nMiKiVfil ; 
if, subsequently, the air or oxygen be allowc<l to bubble tlimuuli 
water, the same peculiar mist will be fonued. It was for a tiini' sn])- 
poeed that this mist was caused by the prest-nce of a thinl nuNlitii a- 
tion of oxygen, called antosone, which was HupiK>sc'<l to In* pro- 
daced simultaneously with ozone by electrical action, antl )>y pro- 
cesses of oxidation. Later research has, however, dinprovnl the 
existence of such a third modification, and although it is iinp'>.--i1ilt' 
at present to account for all the effects which have been asnilMHl to 
antozone, in many cases they seem to be due to the prefM'Uce of bydro- 
Son peroxide, an oxide of hydrogen having the symbol HgOj- 



CHAPTER X. 
StTLPHUB* SELENIUM AlH) TELLUKIUM. 

SULPHUR (s). 

109. Sulphur occurs somewhat abundantly in nature both in 
free state and in combination with other elements. !Many 
wes of metals, for example, are sul])bur compounds. It is a 
component of several abundant salts, such as the sulphates of 
cdciuni, barium and sodium, and occui*s in small proportion in 
fiwny animal and vegetable substances. ¥ree svd^Viut \a found 
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chiefly in volcanic districts. Greneially it occurs mixed with, 
earthy matters, hut it often forms distinct veins, and is some- 
times found in the shape of well-defined crystals of consideiahle 
size. At the present time ahout nine-tenths of the sulphur of 
commerce comes from Sicily. 

Native sulphur is usually suhjected to a rough purification at the 
place of its occurrence. Tliis purificatiou is sometimes effected hy 
distilliiig the volcanic earth in retorts or jars of earthenware ; or, if 
the earth he very rich in sulphur, it is simply heated in large kettles 
and the melted sulphur dipped off from ahove, while the earthy im- 
purities settle to the bottom of the kettle : sometimes the sulphur is 
piled up in heaps, or in kilns, and set on fire, a portion of the sulphur 
in buiiiiug funiishiiig the heat by which the rest of the sulphur is 
melted : the melted sulphur flows out from the mass, and is collected 
in ixiceivers. As the crude sulphur comes to us, it is in irregular 
lumps of a dirty light-yellow color, and is largely employed for manu- 
facturing purposes. It is purified by being distilled from iron retorts 
into large chambers constructed of masonry, in which it is deposited 
either in the form of a light powder, known as flowers of sulphur, or 
in the liquid state, according to the temperature of the chambers. 

110. At the ordinary temperature of the air, sulphur is a 
brittle solid of a peculiar light-yellow color. It has neither 
taste nor smell, excepting that when rubbed it exhales a faint 
and peculiar odor. Most of the odors which in every-day life 
are referred to sulphur are really the odors of various compounds 
of sulphur, and are not evolved by the element itsel£ The 
symbol of sulphur is S : its atomic weight is 32, being precisely 
twice as great .as the atomic weight of oxygen. 

111. Sulphur behaves in a very remarkable manner on being 
heated. When melted at the lowest possible temperature, 100* 
to 115**, it forms a limpid liquid of a light-yellow color ; but, if 
this liquid be heated more strongly, it begins to become viscid 
and dark-colored at about ISO**, and at 170'' to 200** it is almort 
black, and at the same time so thick and tenacious that it can 
not be poured from the vessel which holds it, even if the vessel 
be inverted. At 330** to 340° it regains its fluidity in part^^ 

though the liquid is «*'" ^ '»k-colOTed, and ftnallj, at about 
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440'', it begins to boil, nnd iit rronvurt4*ii into uii tiiiilN-r i-xldri-'l 
vapor. The specific gravity of sulphur vajMir, n-lfii« I '.• Iixli- 
gen, is 32. 

112. If melted sulphur in the viwi«l Ktit**, f»r. iM-tttr. that 
which has regained its mobility, 1h* HUiidcnly riMihil, a m-hm >iA\*\ 
modification of sulphur, reniurkably dillert'iil fnuu iht- nrilimiv 
form, ^ill be obtained. 

Ezp. 44. — Place in a test-tulx*, of alniut IW) c. v. raiiarily, I'l !■• 
20gnns. of coarsely-powdereil Hulphur ; nu-lt fi*. 34. 

the sulphur slowly over the gUM-huiip. niid 
continue to heat it until it l)cgiiis to IhjiI, 
noting, meanwhile, the changes which the 
sulphur undei^oes, — as descrilnxl in § 111. 
Finally, pour the hot sul[)hur, in a tin*; stream, 
intoalarj'e dish full of cold water. Tlnrre 
will be obtained a soft, elastic, reildish-bi-own 
mass, which can be kneeled and niouMt'd 
like wax, and drawn out into threads like 
caoutchouc. 

This soft sulphur can not be preserved f«»r any gn»aL Im^'th ("f 
time ; it slowly hardens and changes into t»nlinary britth* yellow 
sulphur. 

113. Sulphur may readily be obtained in the form <if 
crystals. 

Eacp. 45. — In a small beaker glass, or porcelain capsule, slowly 
heat 50 to 60 grms. of sttlphiir until it has entin-ly nnltcd. R«'niove 
the vessel from the lamp, and allow it to cool slowly \intil about a 
quarter part of the sulphur has solidified ; then pour oiF into a basin 
of water that portion of the fiulphur which is still liijuid, l»ivakin«^' 
through, for this purpose, the crust at the top of the liquid, if any such 
have formed. The interior of the vessel will l)e founil to be liniMl 
' vith transparent crystals. 

Bzp. 46. — In a test-tube, melt enough sulphur to fill one-quarter 
rf the tube ; place the tube in such a ])osition that its contents may 
wol slowly and quietly, and then watch the formation of crystals as 
Ai^ shoot ont from the comparatively cold walls of the tube towards 
di» eantrw of the liquid. 

7 
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Exp. 45 represents one general method of obtaining crystals. 
Crystals of many of the metals, lead and bismuth for example, 
can be obtained in a similar manner : it is only necessary to pe^ 
form the o]K3ration in a crucible of some refractory material, 
placc<l in a furnace. 

Exp. 46, besides illustrating the manner in which crystals 
fonu, teaches us something of the physical structure of solid 
bodies. The solid mass of sulphur which is left in the test- 
tube, when it has become cold, is evidently nothing more than 
a compact bundle of interlaced crystals : it possesses what is 
calle<l a crystalline structure. This crystalline structure is 
apt to render a body brittle : substances which possess it are 
liable to brejik " with the grain," or to split in certain diieo- 
tions determined by the shape of the crystals, and called limes 
of cleavage : a stick of roll-brimstone, for example, may be 
readily broken or cut across, but not so easily in the direction 
of its length. 

114. Another easy way to crystallize sulphur is by the 
method of solution and evaporation, such as was employed in 
the preparation of ammonium nitrate (Exp. 18). Sulphur 
is not soluble in water, but it dissolves readily in a liquid com- 
pound of sulphur and carbon, known as carbon bisulphide, 
which, being readily volatile, quickly escapes, on exposure to 
the air, and so deposits the sulphur. The crystals thus ob- 
tained differ in shape from those obtained by the method of 
fusion. 

Although thousands of crystal-forms occur in natiu« or have been 
produced by art, it has been found possible to refer these forms to six 
general classes called systems of crystallization. It is true of ahnort 
all chemical substances which can be obtained in crystals, that while 
the individual crystals may vary somewhat in form, all the fonns in 
which the substance occurs are such as mtay be referred to one and the 
same system. In the case of sulphur, however, the crystals obtained 
by the method of fusion, and those obtained by the method of solution, 
must be referred to two entirely distinct systems. There are other 
-rahstances besides sulphur which present this same phenomenon.' 
Substances which are thus capable of as&umVn^ et^^XAX^su^ l^otHA 
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belonging to two difTcn^nt systcniK aix* kjiM u* U* dimorphoua mu<. 
fonned)L 

The two varieties of pulpliiir difrtTcnnsiilfnililv in \.iiihii'. |.|i\-!. -.l 
propertit?8. One varitfly iiiav, ImwrviT, U* rinixriti-*! iiii>i tin i-ii..:. 
and their chemical cmiijMtsitiitn i^ idrntiial. M.it h i> Milpliin. .ii.>i 
nothing more. The tinior)ilii'Us '^-nl't Hulpliur ' i>l>t.iiiiiil in Kvp. \ \ 
may bereguixleil as a thinl luiMlilieatiitii ul' >ulphur. 

Crystals of sulphur may alsii U* (ilitaiiii-il hy MiMini.iti< it, 
that is, by conyerting the sulphur into vajMir ami mIIhwih.: tin* 
\'aporto cool slowly; and tho cr}'stils whii-li iM-i-ur in ii;iiiii>. 
and wliich are often of large si/x' and gri'at Inauty. an- <:|> 
posed to have been fomie<l in tliis way. 

15. Sulphur unites energeticiilly with nn»st nf tin- «.tli. r 
elements, such union being, in many cases, attrn<li-il \\'.\\\ 
evolution of light. Most of the metals, fi»r rxanipN*. «■« lul-iip- 
with it directly, just as they do with oxygen. 

This has already 1x:en illuntrated in the case 
of copper l>y Exp. 1, § 2. The jinKhict of this 
leaetion was copper sulphide ; and, in gcni'ml, 
eompoirnds of sulphur with the luutullic ele- 
inents are called sulphides. 

Bzp. 47. — Mix intimately 4 gnns. of 
flowers of sulphur and 7 gnus, of the tinest 
imn filings. Place the mixture in an ignition- 
tube 10 to 12 c m. long, and heat the lowi-r 
end of the tube over the gas-lamp. In a short 
time the mass will begin to glow, as the sulphur 
•ndiron enter into chemical combhiation, and 
tbs ignition will, of itself, pass thnmgli the. entire length of the tuln^, 
even if the lamp be withdrawn. The final prcxluct of the reaction 
ii iron sulphide. 

116. Snlplmr unites readily with oxygen at a comparatively 
W temperature. When heated in the air, it takes tire at about 
*»*, and burns with a peculiar blue, light. The irritating, suf- 
fccating gas, which is produced, will be shortly described under 
tte name of snlphnroiu anhydride. 

The use of sulphur on ordinary matches depeuda o\\ lYni \q^ Vviwv 
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peraturc at which it takes fire. Being ignited I^ the bare 
phonis, it bums until the leas readily cainbustible wood is i 

1 1 7. Hydrogm m^ihide (^B) or nit^nntted hydrt 

is often called, ia a colurless gus which smells like rut 
It may he conveniently prepared by treating iion sulpl 
diliitti chlorhydric acid. 

Exp. 48.— In a gas-bottle, Fig. 36, put 10 or 12 grn 
Bulphide (see Bxp. 47) \ replace the cork in the bottle tuid 
n«i 86. the gag delivery-tube into another an 

containing cold water, letting it dip 5 
beneath the auiiace of the water. 
the thiatle-tube, pour into the gas-bo 
enongh to seal the lower extremit 
tube : then add, through the Ihistle-t 
fore, 2 or 3 teaspoonfuls of strong cl 
acid, and observe that bubbles of gn 
gin to paaa tbrough the wat«r in the t 
bottle. 

Hydrf^n sulphide is soluble in ' 
»nHderaMo extent, and is consequei 
up by the water in the absorption hot 
solution thus obtained, known aa aulphuretted-hydrogen- 
much employed as a rei^nt in chemiiuil lalwmtoriea. 

When the diaengogeniunt of gaa blackens, a new portion 
hydric acid niay be added through the thiatle-tube, and tb 
continued until the water in the absorption bottle smells at 
the gaa. 

Thia experiment should be performed out of doors, or in •■ 
of air 90 arranged that thoae portions of the gas which eBcap< 
shall he carried away from the operator. 

The reaction which takea place may !« represented as foil 

FoS + ZHCl = FeCl, -1- H,S. 

118. HTdn^en nilplude is readily infiammable. ] 
ivith a blue flame, producing water and sulphurous aeid 
H^ + 30 == H,0 -H BO,. 

Sjcp. 49. — To the delivery-tube of the gas-bottle c 
in generating ' Iphide, attach & diyin^-tuhe c> 
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fragmenU of calcium cbluri«lL*, and with th«r tiiU* rmiiiti-t a |.ii. •• 
of No. 6 gla^ tu)>in^' ihiiwii i»ut tn a tiiic {Niint. *f'^K: ^7. 
When the ui>]»ar«itiis is full df tin* ;;jl», a|i|ilv a 
match to the einl uf the tuln.*. Tlic pis will laki* 
file, and hum with a Iduf flaiui'. If a dry 1 Kit- 
tle he hehl over the ilanie, the walls will iNfuiue 
coated with moisture which will have an acid n-ar- 
tiouand will redden blue litmus jmiikt. 

The jet of hydrogen »ulpliide 
ahoald not be lighted until all the 
lir is expelled from the apparatus, as this gsw fi>rni!« an i\pli*>ivi' mix 
tore with air. 

119. Hydrogen Bolphida is readily decomiNiMd by Iumi. as 
nay he shown by i>a8sing a current of the ;;;is thnMiu'b a ;^l.i-^ 
fobe, heated for a portion of its length. The giLs will In* .srji.u- 
•ted into hydrogen ami 8ul]diur : the latter will be dt'iM.>iti'il 
(& the cold portion of the tube. 

Analysis has proved tluit the composition of hydrogen sul- 
|ldde, both by volume and by weight, may l»e «*xpn*ssed l»y tin- 
fcflowing diagram, in which the symbol 8 represeut.s a unit 
^ume of sulphur in the state of vapor. 
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120. Hydrogen sulphide is very poisonous : when respired in 
fc pure state, it quickly proves fatal, an<l it is very deleterious, 
*^eii though largely diluted with atmospheric air. It is tliere- 
febest, when experimenting with it, to operate wher(». there \\ 
* free circulation of air. 

The gas exists as a natural constituent of some mineral waters 
rtttch are thence called Rulphurous, sucli as the Virj^inia Sulphur 
3, and the mineral springs at Sharon, X. Y. It is also 
in the air and water of foul sewers, and wherever animal 

is undergoing putrefaction, 

7* 
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121. When moist hydrogen snlphide comes in contact ^ 
certain of the metals, it is decomposed. 

Eap. 50. — Place a drop of sulphuretted-hydrogen-water (Exp 
upon a bright piece of coj)per,- lead or silver. The metal will qui 
become black. The sulphur of the hydrogen sulphide unites 
the metal, to form a sulpldde of the metal, while the hydn 
escapes, or we may say that the metal replaces the hydrogen in 
hydrogen sulphide. 

Cu + H/l = CnS -f 2 H. 
2 Ag 4- H,S »:= As^ + 2U. 

From a solution of any compound of these metals, hydro 
sulphide will throw down the sidphide of the metaL 

Ezp. 51. — Dissolve a small crystal of lead nitrate in a test-t 
half full of water, and to this solution add a few drops of the sulpl 
etted-hydrogen-water. Lead sulphide is thrown down as a bl 
precipitate, and nitric acid is set free. 

FbN,0« -f H,S = FbS + 2 HNO, 

On account of this pi'operty of precipitating various mete 
sulphides, hydrogen sulphide is much used in the chem 
laboratory as a reagent. 

122. Sulphur and Oxygen. — Of the compounds of 
phur and oxygen the most important are sulphurous anhydl 
and sulphuric anhydride. 

123. Sulphurous anhydride (SO,), commonly called i 
phurous acid (see § 62). — This is the only one of the van 
compounds of oxygen and sulphur which can be formed by 
direct union of its constituents. It is produced whenever 
phur is burned in air or in oxygen gas. 

Tig. 88. 

Ezp. 52. — Light a piece of sulphur in a deflagia; 
spoon, and suspend the latter in a half-litre bottle fuD 
air. On examining the contents of the bottle, after 
sulphur has ceased to bum, there will be found an ini 
ing, suffocating gas having the peculiar odor which is fiBP 
iar as that of a burningTftSjch. The bottle is now foil 
sulphurous anhydride, mix^^^th the nnix^gen ongia 
present in the air. 




5.] PROPERTIES OF SVLPUVROCS ACIlK 79 

Q easier method of preparin}^ pure snlphnroiu aeid in iiy 
Lving common sulphuric aciil of part of its oxy;{i*iL* 'I'hU 
be effected by a variety of reducing or deoxidixing «p*iiU. 
example, when concentrate^l sulphuric acid iit h<*at«*il with 
llic copper, there is formed a sulphate of the metal, wut4T 
julphurous acid : — 

Cu -f. 2 H^O, = Cii80« + 2 B,0 + BO,. 

tain other metals, such as mercniy, for example, can be vmpUiy4'«l 
i of copper, the reaction being p^eci^H.•ly niuiilar. 

\. Sulphnrous acid Ls a tran8parcnt and c<i]orlt*iw pm. It 
ispirable and suffocating, and when mixetl with air, even in 
proportion, occasions violent coughing. It is not intlam- 
!, but, on the contrary, it stops combustion. 

I flame of a taper is immediately extinguished on \m\\*i iininrrs(><l 
phurous acid gas, just as it is by nitrogen. A urk-ful upplicatiun 
) property of the gas is in extinguiathing burning cliiniiu'V;*. A 
il of fragments of sulphur being thrown \x\Hm the hot i-oiils in 
ite, and the openings of the fireplace being c]ose<l in such man- 
at no air shall enter the chimney, exce]>ting that whiili ]>tu(S4's 
[h the fire, the chimney will quickly l>econie fiUfd with an 
)here of sulphurous acid mixed with nitrogen from the air em- 
. in burning the sulphur, and the burning soot u]M3n the walls 
chimney will be immediately extinguishe<l. 
) of course, essential that the chimney sIioiiM thtMi be chased at 
), so that air may be excluded and the chimney kept full of the 
tinguishing atmosphere until its walls sliall have cooled to below 
idling temperature of the soot. 

. Sulphnrons anhydride can readily be obtained in the 
state by passing the gas through a IT-tube imnicrsed ir a 
g-mixture of ice and salt. On being exposed to the air at 
ry temperatures, this liquid evaporates with great rapidity, 
•nsequently occasions very intense cold. 

$ BubBlance^ now designated as anhydrides were formerly called aoidp, as 

I 63. In the case of sulphurous, arseniono and carbonic anhydrides, the 

names snJpbaroae, araeDiouB and carbonic acids have BUcYi CQSTeiis:^ tlk^t 

be empJojred In tbia Manual where no ambiguity caa atV»* *^**^ ^uicXltiai^, 



80 SVLPHUnOUS ACID BLRAiJHES, [§ ] 

If a quantity of the liquid be poured into water, the tempera 
of which is a few degrees above 0°, a portion will evaporate at o 
another x>ortion will dissolve in the water and a thiid portion of 
heavy oily lit^uid will sink to the bottom of the vesseL If the 
tion which htis thus subsided be stirrexl with a glass rod, it will 
at once, and the tenipemture of the water will be so much redi 
that a i>oitioni or even the whole, of the water will be frozen. 

The volumetric composition of snlphnroiu anhydride i 
volume of sulphur vapor and 2 volumes of oxygen condensec 
2 volumes of the compound gas. The gas is very readily soli 
in water, and may be regarded as combining with a portion 
the water to form sulphurous acid, the formula of which wo 
be H^O,. The term " sulphurous acid " is, however, ordinal 
used to denote the gas SO,. 

126. An important property of sulphurous acid is its po^ 
of bleaching vegetable colors. It is extensively employed 
bleaching articles of straw, wool, sillc, etc., which would 
injured by chlorine. The bleacliing may be effected by inm 
sioii in the aqueous solution of sulphurous acid or by expos 
to the fumes of burning sulphur. In the latter case the arti( 
to be bleached must be moistened. The dry anhydride does 
bleach. In most cases sulphurous acid does not destroy 
coloring matters as chlorine does, but seems to combine t« 
them to form colorless compounds. These colorless compou: 
can be broken up, with restoration of color, by exposing th 
to the action of various chemical agents capable of setting \ 
sulphurous acid. 

Exp. 53. — Bleach a red rose by hanging it in a bottle in wl 
sulphur has been burned, or by holding it over burning sulphur. '. 
merse the bleached rose in dilute sulphuric acid, dry and warn 
and observe that the color will re-appear. 

In the arts, the process of bleaching is usually conducted in li 
chambers, in which the slightly moistened articles are hung while 
phnr is burned below. The damp goocls absorb the gas and giada 
become white. A practical illustration of the restor.ition of coloi 
chemical agents is seen in the reproduction of the original ye3 
color of the wool wV "^^^^J ^^^'^•^i^'-''^ washed. The alkali of 
soap removes the saKf^^Urou^ ^ ^^niS>s. \ ^e^-oowaa*. 
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127. Snlphnric anhydride (SOJ may U* |»r»'ii;in'<l )•> :!.• 
direct oxidatiuii of lulphnrons anhydride, if a iiiixt.in .-t 
sulphurous anhydride and nxy^fii U* ]iii>Mil nvi-r lif.Lt<>l. \>iy 
finely dividi'd jdati nil 111 (jdiitiuuin s|Niiipi-), tin* twn ^- lm> lm.!- 

to fonn sulphuric anhydride, whicdi rDiidi'iiM*.^ in tli !< 1 

receiver. It is a whitr, waxlikt* wdwl, rry-l.ilii/in;: in .-.W^y 
fibres, resembling asbestos. If a bit of it U- tlin>wn int>i \\.A* r. 
the water hisses as if a hot inn hwl Ih-ch tlmist int«t it ; and 
the sulphuric anhydride unites with a ]Nirtii>ii if th** wati-r \iith 
the evolution of great heat to fonn inlphoric acid. TIi*- mIi 1 
aiiliydride has so gr«;at an attnu.tioii for watt r, thai it nn In- 
preserved only in dry tul^*s st^aled at tln" laiii]i. 

128. Sulphuric acid (H,80j is one of tlx- nmst iiiiiM.rtaiit 
products of chemical manufactniVy and is made in iiii>iini>u> 
quantities. In the same way that the metal iron may Im* >;iiil t 
\» the basis of all mechanical industries, snlphnric ariil li-. at 
the foundation of the chemical arts. r>y metms of .stdjilmii 
Bcid, the chemist either directly or indirectly prfpaivs almost 
€ivery thing ^vith which he has commonly to <leal. 

129. ilnlphnric acid is made by oxidizing suI])hiiroiis a- id. 
J This oxidation cannot be eflfected directly in any tMniKunical 

^uner ; it is necessary to use some oxidizing agent 

This term ojodizing agent is applied to a substaixM' wliich li.-iliit- 

^lyand readily impaila oxygen to other ho<licM with whirh it i^ 

htDnght in contact : on the other hand, a substance which habit iially 

•nd readily takes oxygen out of other subjttanccs with wijich it is 

Iwooght in contact is called a reducing agent.* Nitric, acid, su.li as 

i *M prepared in Exp. 17, | 47, is a very iwwerful oxidizing airiMit, 

tDdsalphuric acid might be made by boiling sulphur lor a long tiini* 

} in nitric acid. This method would, however, not l)e pmcticable on u 

inge scale. Nitric acid also oxidizes sulphurous acid. 

Bzp. 54. — Charge a l)ottle, of the capacity of a litre or more, witli 

urous acid by buniiiig in it a bit of sul[)hur. Fasten a shaving, 

better, a tuft of gun-cotton, upon a glass rml (u* tube bent at onu 

in the form of a hook ; wet the shaving in concentrated nitric 

and hang it in the bottle of sulphurous acid. Red fumes of 

^ The terms oiAdixinfi^ agent and reducing a^nt are often empVo^ed Va «^ xo^Ti^^ 
' Mose than here implied. See page 390. 
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va[X)rize, but, on the contrary, greedily absorbs water firom the 
air, and »o increast*s in bulk. In moist weather, its bulk may 
increase to the exti'ut of a quarter or more, in the course of a 
singhi day, and, by lunger exposure, a still larger quantity of 
water will be taken up ; the acid must always be kept, then- 
fort*, in tightly -stopi)ored bottles. 

Snlphnrio acid unites with liquid water, with great eneigyl 
much heat being evolved at the moment of combination : dot 
ing the union a certain amount of condensation occurs, thi 
mixture, when cold, occupying less space than was previonalj 
occupied by the acid and the water. The water and acid roMlj 
be mixed in all proportions, being mutually soluble one in tU 
other. 

In mixing water and Bulphuric acid, the acid should always ba 
poured into the water, in a fine stream, not the water into the add,-" 
the water being meanwhile stirred. In this way the heavy add baa 
an opportunity to mix with the water as it sinks down through ib 
If, by any accident, water were to fall upon sulphuric add, it wooU 
float on top of it, and great heat would be developed at the point A 
contact of the two liquids : if the quantities of acid and water wet* 
large, sudden bursts of steam would be oc^^asioned, and serious damage 
might arise from the scattering about of portions of the acid. 

Ezp. 55. — Place in a beaker glass of about 250 c c capadty: 
30 c. c. of water ; in accordance with the directions above given, poiU 
into the water 120 gmis. of concentrated sulphuric acid, and stir tb* 
mixture with a narrow test-tube containing a teaspoonful of wate* 
So much heat will be evolved during the union of the water and th< 
acid that the water in the test-tube will boil. 

133. Sulphuric acid is one of the most powerful acid^ 
known. When diluted with a thousand times its bulk ai 
water, it is still capable of reddening blue litmus. It sets is0^ 
most of the other acids from their salts, in the same way th* 
we have seen it set free nitric acid from sodium nitrate i* 
Exp. 17, § 47. It is intensely caustic and corrosive, att< 
quickly chars and destroys most vegetable and animal ^ub 
stances. 

5S. — Into a test-glass pour a table-spooxvixxV ol «vs^\vui£ 
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«M md immene in it a splinUfr of wdotL Tin* wimhI will M.u ki-n 
as if charred by fire, and the acid will Wcrinit- dark-iM|.ip-.l. W'.-.) 
is composed of cco-lmn, hydnigen and oxyj^ii, ami ^inii' Milphnii 
acid unites with compounds of hvilnip-n ainl i>x%;.'i-n, ntln-r tlun 
with carbon, a portion of the latter it* left fi>-i- : .-••hp' i-arb iiiin ••••ii- 
matter is, however, di88olveil by thtr aciil ami ilark<'n« it. Th«* ;i; id 
of commerce is often dark-coloreil fmm fni^uK'nts of >tniw or i.tin-r 
organic matter having accidentally fallen int4» it. 

134. Snlphates. — If the hydm^n of sulphuric aiid Ix* 
replaced by various metals, a class of iNnlii-s is furniiii •'.ill*-<l 
lolphates : thus, Na^O^ is sodium sulphate ; Ca80« is lalciui:! 
sulphate, etc. 

In the formation of the sulphates of thoxe nictali* whii-h n|>I.i> •• 
bydrogen atom for atom (§ 74), it is not neceswary that Inith at«iiu- "i 
hydrogen in the sulphuric acM, H^O«, should l»e n»placr.|. \V.- 
may, for example, have a comiK)imd in which iVMljuin n-plait--* i'lilv 
one of the hydrogen atoms ; namely, HNaSO^, !iydni;;rii siMlium 
lolphate. Acids like 8ulf>huric acid, which have two n^pLuvaMr li\ - 
diogen atoms, are called bi-basio. 

135. Fuming Snlphnric Acid. — Sulphuric acid wa> t>r 
meily made by distilling in earthen retorts the sjilt now kiitiun 
as ferrous sulphate, formerly called green vitrit»l. lieiirr tin* 
ongin of the name oil of vitriol, which, in Hn^dand and this 
country, has come to be applied solely to the cominon ari«l, 
9^0^. The acid thus obtained is a dcns<> fuming liquid, which 
Bay be regarded as sulphuric anhydridti <Iiss<>lved in sulpliuric 
acid. It is used principally for dissolving indigo, a certain 
qoantity being still made for this purpose. 

There are other well-defined compounds of oxyg<*n and sul- 
phur. They, are, however, of much less iniportanee, and are of 
interest in an elementary manual. 

SELENIUM (se) AND TELLURIUM (tc). 

136. Tiiese elements are rare, and of little or no ijidustrial impor- 
^*nce ; but to the chemist they are exceedingly interesting on account 
rfthe close resemblance they bear to sulphur. The three elements 
^phiir, seleninm and telhiriiun, constitute a group 'wVa^iVi \a ^v.^«^^ 
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remarkable with that formed by chlorine, bromine and iodine. (Se 
§ i>7.) 

137. Selenium is neyer found in any considerable quantity i 
any one place. Tracte of it occur in many varieties of jiative sulpha 
and in various metallic sulphides. In its properties and in its chenu 
cal behavior, selenium resembles sulphur in many respects, while, c 
others, it is like tellurium. Like sulphur and oxygen, it occon i 
distinct allotropio m<xlitications (§§ 101, 114): it forms with hj 
dru<^M) a compound, hydrogen seleuide (H^Se), resembling hydroge 
8ul))hide : it forms an acid, selenic acid (H^eO^, resembling sul 
l)huric acid. There are seleuates possessing characters similar to th 
sulphates, and crystallizing in the same form ; and, according to 
principle illustrated by the chlorine group, selenium, which has th 
higher atomic weight (79.5X is a weaker chemical agent than sulphu 
(32). 

13S. Tellurium occurs in nature even more rarely than selenium 
sometimes it is found in the free state, but more generally in oombini 
tion with the heavy metals, such as gold, silver, lead, copper «ik 
bismuth. Tellurium is of a silver-white color and glittering metall] 
lustre. In many of its physical characters it would seem to be allid 
to certain metals, but its chemical ])roperties place it in the sam 
gioup with sulphur and selenium. It forms compounds with hydrogei 
oxygen and with other elements which resemble the correspondin. 
sulphur compounds. Its atomic weight is 128. 

The elements sulphur, selenium and tellurium in their chemica 
properties are closely allied to oxygen. Attention has already beei 
called to the resemblance of the compounds of selenium and tellnriuii 
to those of sulphur. The formulae of a few of these compounds ar 
here given to bring the matter more clearly before the eye. 



Water. 

H.O 


Hydrogen sulphide. 

H.8 


Hydrogen selenide. 

H,Se 


Hydrogen tellnrlde. 
H,Te 


Iron oxide. 

FeO 


Iron sulfihide. 

FeS 


Iron selenide. 

FeSe 


Iron tellaride. 

FeTe 


Ether 
(Ethyl oxide). 


Ethyl sulphide. 


Ethvl selenide. 


Ethyl tellurlde. 


Alcohol 
(Ethyl hydrate). 


Mercaptan (Eihyl 
Hydrogen sulphide). 

(C^.)HS 


Selenium 
mercaptan. 

(C^JHSe 


Tellurium 
mercaptan. 

(C^,)HIe 
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CHAPTER XL 

OOMBDTAnOV IT yOLVlII. 

139. A companaon of the formula; repn^wnting the TOlomet- 
lie compofition of all the well-detined compoiiiKi pi.s4**i iin<l 
vapors which liave been thus far 8tudie<l, will hriii^'intn c*l«Mr 
mw some of the general facts relating to combination by 
Tofaone. 

It has been established, by experiment, tliat the fulli*wiii^' 
compounds are formed by the chemical union, without riinilfu 
safcioii, of equal volumes of the two elements which <'iit«T into 
each compound : — 

Chlorhydric Arid „, ^ -u ^ ^^ 
2 volj». . "»^ 1 -•- .^5 5 - :j,, :, 

Bromhvdric Add or ^ -i- ^^ ^^^ 

2 vols. '^^ 1 ''" 8o ' M 

lodohydric Acid ^, H . I _ HI 

2 vol*. '^ 1 "*" 127 \-2^ 

Nitric oxide «, ^ . O _ NO 

tvola. *^^ \A '^ 16 :jn 

It has further been found that the following conjpoiiinl^ of 
two elements contain two volumes of one elonicnt ami nnc 
Tolmne of the other, but that these three vohun(*s an* condtMisrd 
toing the act of combination into two volumes : - - 

Hydrogen , Oxygen Steam H, O _ H,0 

2to18. ■*" 1vol. ~~ 2 vols. '"*^ 2 "^ If) ~ 18 

Hydrogen ^^ Sulphur Hydrogen Sulphide H, S H,S 

2 vols. ■*" I vol. — 2 vols. '^ 2 "^ 32 ~" 34 

Nitrogen Oxyjren Nitrogen Protoxide „- Ni O N,0 

2 vols. "^ 1 vol. "~ 2 vols. '^'^ 28 "^ 16 — 44 

Kitrogen Oxygen Nitrogen Peroxide __ N , O, NOj 

Ivol. ■+■ 2 vols. ~ 2 vols. '^'^ 14 "*" 32 ~" 46 



Hydrogen 
Ivol. 


+ 


Chlorine 
1 vol. 


Hydrogen 
I vol. 


-h 


Bromine 
1 voL 


Hydrogen 
Ivol. 


H- 


Iodine 
1 vol. 


Kitrogen 
Ivol. 


-+- 


Oxygen 
1 vol. 



lur Oxygen Sulphurous Anhy- ^_ S , O, SO, 

Ivol. "^ 2 vols. "" dride2vol8. ' °^ 32 "*" 32 "~ 64 

To this list must be added hydrogen selenide (H,Se), hydro- 
gBn telluride (H,Te), selenious anhydride (SeO,) and tellurous 
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the molecule of chlorhydric acid is represented by the fosnula ECU 
and the diagram, — 





there is pood reason to assign to free hydrogen and free chlorine the 
lonuula) HH and ClCl, or (H, and C\^^ and to represent the COQ- 
blitution of all uncombined gases by such diagrams as 



H 


+ 


H 



CI 


+ 


CI 







Upon these models the molecular formulss of most of the elements 
\nth which we have become aajuainted might readily be written. It 
is only in a free state that the elementary gases and vapors are thus 
conceived to exist as molecules ; when they enter into combinatioiiy it 
is by atoms rather than by molecules. An atom of hydrogen unittf 
with an atom of chlorine : three atoms of hydrogen combine with (AM 
of nitrogen. 

We may study the molecular condition of the elementary gase^ 
from another point of view. If the Law of Anip^ be, as it is be- 
lieved to be, true of simple as well as of compound gases, it will 1* 
true that the vapor density (i.«., the specific gravity of the sub* 
stance in the state of ga«) is one-half the molecular weight, and, 
vice versa, that the molecular weight is twice the vajjor density. % 
now, the specific gravity of hydrogen be one, its molecular weight 
must be 2 X 1 = 2. If the molecule weigh 2 and the atom weigb 
1, the imit of weight being the same in both cases, the molecule 
must contain 2 atoms. The same reasoning will hold in the case o\ 
the elementary gases, oxygen, chlorine, and nitrogen, also in the OS* 
of the elementary substances, bromine, iodine, sulphur, seleniuiH; 
tellurium, sodium and potiissium, which are not gases under ordinal) 
atmospheric conditions, but which can be converted into gases 9X < 
higher temperature. As, for example. 
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Hhmi mmw Moltc W«lgkL AH^%^ trt !**• of ■('•n* te 

m«.««T. »bp.gr. 7T Atc«leWL si»l««lr. 

16 32 16 'i 
CI 85.5 71 85.5 2 

1 127 254 127 2 
8 82 64 82 2 

etc. 

Of all the other elementary snbBtanoes, four, namely, an^'nir, 
hoBphoros, mercury and cadmium, have been convertmi into vaiHH-. 
ad the specific gravity of their vapors detenuined. If we apply the 
UDe reasoning to them we find that the molecules of nnH>nic ainl 
hosphonis contain each four atoms, while the molecules of nuTciiry 
ad cadmium contain each a single atom only. It in probable tliiit 
be should be classed with mercury and cadmium. 





Tapor Density. 


MolecWt 


Atomic Wt. 


No. of atoms 
in Molecnle. 


As 


150 


800 


75 


. 4 


P 


62 


124 


81 


4 


Hg 


100 


200 


200 


1 


Cd 


56 • 


112 


112 


1 



U this view of the moleculaT structure of free elementary gases 
id vapors be correct, perfect consistency would reiiuire that no 
[nation should ev^ be written in such a manner as to represent 
n than a single molecule of an element in a free state us 
&er entering into or issuing from a chemical reaction. Thus, in- 
ead of 2 H + O = H,0, N + 3 H =N H,, HCl + Na - 
aCl + H, it would be necessary to write 2 H| + O, = 2 H^O, 
I + 3 H, = 2 NH,, 2 HCl + Na, = 2 NaOl + H,. 
We have not heretofore conformed to this theoretical rule, and do 
* propose to in the succeeding pages, and this for two reasons : first 
cause many equations, representing chemical reactions, must be 
nltiplied by two, in order to bring them into conformity with this 
lK)thesi3 concerning molecular structure ; the equations are tlius 
iidered unduly complex ; — secondly, bec<aufle, in undertaking to 
ike chemical equations express the molecular constitution of ele- 
aits and compounds, as well as the equality of the atomic weights 
each side of the sign of equality, there is imminent danger of tak- 
l the student away from the sure ground of fact and experimental 
monstration, into an uncertain region of hypotheses based only on 
finitions and analogies ; — thirdly, because we are ignorant of even 
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the probable molecular symbol of most of the elements. Of all 
elementar}' substances recognized, we have reason to believe i 
eleven, when in the gaseous state, are made up of molecules cont 
ing each two atoms, that two contain four atoms, and that three ( 
tain only a single atom to the molecule. Of the molecular struci 
of the n^maining elements, numbering three-fourths of the whole, 
at pre**ent, know nothing. 

141. Volumetric interpretation of symbols.— This imporl 
matter forms the subject of § 517, page 291, but it should be stuc 
as a part of the present chapter, as should also §518^ page 292. 



CHAPTEE Xn. 
PH08FH0BTJ8 (P). 

142. PhOBphonu occurs somewhat abundantly and i 
widely diffused in nature. It is never found in the free st 
but almost always in combination with oxygen and some 
of the metals. The most abundant of its compounds is calo; 
phosphate, which occurs as a native mineral and which 
forms the mass of the mineral constituents of the bones 
animals. The small amount of phosphorus present in 
soil is collected by the growing plants ; the herbivorous anil 
in their turn consume the phosphorus which has been accu 
lated by the plants, and from the bones of animals chen 
and manufacturers derive the phosphorus of which they si 
in need. 

143. Phosphorus, when perfectly pure, is a transpai 
colorless, wax-like solid of 1.8 specific gravity, which, w 
freshly cut, emits an odor like garlic, though under ordi] 
conditions this odor is overpowered by the odor of OZ 
which, as has been previously stated (§ 103), is develc 
when phosphorus is exposed to the air. It unites with qx} 
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readily, even at the on I i nan' ti*m{M'r.itiin* nf tin* uir. aii<l witli 
great eneig}' at R(»meM'hat hi^lx^r t4'ni|N-nitiin'f« (iilntvi- (in*) , 
when in contact M'ith air, it u all the whili* iiiitliT/iiin^' h1<%v 
combustion. 

K the temperature of the slrtwly-himiiuK lihuspliiinw U* 
slightly increaBetl in any way, tin* iiiitss will liin>t int'i tliiiH* 
and be rapidly consumed. On account f>t' this i-xtnii.i* in- 
flimmability, phosphorus must always lit- kept uii<1it u.iii-r: 
it is best also to cut it undt^r water, h'st it iM-mmi* iH-atiii i • 
tiie kindling-point by the wamith of tin- hand, nr liy friitii'H 
against the knii'e ; for, when once on 11 n*, it is <'.\»-<-ti|iii;^|y 
difficult to extinguish it, and in v,n»v it hap[M*ns to )>uni ii)him 
the flesh, painful wounds arc inflictwl, whidi an? vitv dilhiult 
to heal. 



On account of this easy inflanunahili ty hy friction, phosphorus 
is extensively employed for making uiutchtrs. Tht* nmtti-r uihui tlir 
^d of an ordinary friction-mutch usually contaiiis a litth- |>hil^l•lll>^us, 
together with some substance CJiiMihlc of HUpiilyiii^ o.\y;,'i-n, Miih as 
red-lead, black oxide of manganesi*, Sidtitotn* or ]Mitassiiiiii rlilmatc. 
The phosphorus and the oxidizing a;;ciit arc kii(-aiI«Ml into a ]>a>t«t 
loade of glue or gum, and the wo^nlen nmtrh-sticks, tli«* cufls nC w Iiii-h 
luve previously been dipped in melted snljihur, an* touchc<1 to the 
sin&ceof the phosphorized paste, so that the fiul]>hun'<l jMiints sliall 
receive a coating of it. The sulphur serves niei-cly ju* a kindling 
material, which, as it were, passes along the tire i'vtmi tht* iihos]»horuH 
to the wood. By rubbing the dried, c(»ated point rif the niat«h against 
aroogh surface, heat enough is developed to Ining alnuit elieniieal 
iction between the phosphorus and the oxygen of the othrr ingre- 
dient, combustion ensues, the sulphur Txjcomes hot enough to take on 
oxygen from the air, and finally the wood is involved in the play of 
chemical force. 



57. — Put a piece of phosphorus as big as n grain of 
wheat upon a piece of filter-paper, and sprinkle over it some laini>- 
Uack, or powdered bone-black. Th(i f)hosphonis will melt after a 
time and will finally take fire. As will bo more fully explained here- 
after under carbon, the porous, finely-divided lamp-black hjis the 
power of absorbing and condensing within its pores much oxygen 
firom the air : heat is developed by the act of condensation, and, at 
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tlic Biime time, oxyj»eii is brought into very intimate contact with the 
^>hosl)li<n'll^^, jiarticularly with the vapor of phosphorus, which is con- 
(U»nst'<l hy the lamp-black together with the oxygen, so that chemical 
action soon results, ami ultimately fire. Both the lamp-black and the 
|>apcr are bad ccinductors of heat : they prevent the phosphorus from 
losinj^ tlie heat develoi>e(l by the condensation and by the slow action 
of thr (ixv^'en. 

144. At the onlinary temperature of the air, and still more 
at somcwliat higher temperatures, phosphorus shines with a 
gre<Miish-white light, as may be seen by placing the phosphoroR ', 
ill the dark ; hence the name, phosphorus, from Greek woids 
signifying light bearing. This phosphorescence is seen when an , 
ordinary friction-match is rubbed against any surface in a dark '■• 
room. » 

145. In wann we<ither phosphorns is soft and somewhat flexir 
ble, and may then be bent without breaking. It melts at 44*, ] 
forming a viscid oily licjuid, which boils at about 290** and is ' 
convci-tcd into colorless vapor. Phosphorus can readily be dia- ■ 
tilled in a retort filled with some inert gas, like hydrogen, nitio- ^ 
gen or carbonic acid. When heated to about 230°, out of con- vj 
tact with the air, phoaphorus is converts into an allotropiB 
modification known as red phosphorns. 

Phosphorus is insoluble in water, but is somewhat soluble in ': 
ether, pecroleum, benzol, oil of turpentine and other oils : it also . 
dissolves abundantly in carbon bisulphide. 

If a solution of phosphorus in carbon bisulphide be poured upon a "^ 
sheet of filter-paper, the carbon bisulphide will soon evaporate, leaving ' % 
the phosphorus in a very finely divi«led state. The phosphorus begins £ 
immediately to oxidize, and, as the paper is a bad conductor of heat^ 
it presently will burst into flame. The paper, however, is not com- 
pletely consumed, but a very considerable residue of carbon remains ] 
unburned. This depends upon the fact that the product of the com- 
bustion of the phosphorus, quickly covers the paper with a vamiah ] 
which is not only incombustible in itself, but is quite impervious to 
air. 

146. Bed Phosphorns. — This i*emarkable allotropic modifl- ] 
eation of pbesphorus is a body as unlike ordmaTy pKoaphoms 
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in most respects as cdiiM wfli \h* fniii<Mvi-«l. It im itf .1 •><.ir.> 
red color, has neither inli»r imr Ui.-ti\ i^ in»t imii.hi.iimu*. .... t«r 
as is known, is nr>t |ihiisplif>ri'R<fnt. (tfH-.<4 nut t.iki- tir>- it 
ordinary temperatures, ia insiduMf in lii>iil|ihi !•• ff i.ir'-i:. 
and in general lx*havf.s alNtp-lhtr <lilifn'iilly Inmi ih*- -iiI:!. .i\ 
motlilicatiun. It i.s inlsv, hi»\vi'ViT. io fonvftt ••nt- v.in«i\ .:.{■• 
the other. If onlinary phnH|iln»rn.«* In* h«*ali«l ii» -.;«• . .1 
of contact of the air, the n-il variety i.«* f-nnn-il : il" ti.i- *•••• 
heated still further to 2G0°, it thanj;«'."< Iwuk inl«i tin- Mpinii:'. 
Tarietv. 

y 

Zizp. 58. — In a narrow gla«t.«< tuhf, Nn. fi, uIh-uI '.Vi <. m. 1 
mdclosietl at one end, pLuv a ipiantity (»f w*\ phM^|.|iiini- .1- In.-- 
aimall pea ; heat the phosphnru.*« f^^ntly iiv«'r t!i«* pi-l.iMi|t ai.-i • 
that a suhliniate of a light-colnn'ilsulistancc i-* (|ui«kly «li|Hi-it«-«l . i :, 
the cold walls of the tuU* a ^^hcl^t distan»v al »••%•!• tin- liiat»'l p- i:.- ;. 
This* light-colored suhliniate in onlinary jdn»sj»huiu.N a< max U- -!..v. 
by cutting off the tulx; just liclow the suhliiiiati-, aftrr !li«- jli-- '.f 
been allowed to cool, and then wnitchin;; tin* nuitiiii; uiili .1 [ :• •■ 

rf wire : the coatinf^ will take fire. Tlu* air in tin* narrnw lul n 

plored is depriveil of its oxyp-n by the ccinihustinii of a "inall j" u:- :» 
of the phosphorus at the nmnicnt of it.o traiisriniiatiiiii tr*iii tin :• •! 
tothe ordinary conditinn : the rt'niainin;: idin>pln»riis i- tim* inv.l-j.. .i 
in nitrogen, and so ]»rotected fn^jm further los-*. 

Reil phosphorus is cmploye<l, to a lertain < xtiiit, a- an ailjnis' i 1 ■ 
the so-called «a/e^i/-ma^c/ir8. Such matches rnittniii im ]diii^]>lii>]i:> in 
themselves, and will not take fire readily l»y frirtitm u|miii mm nrilin.irv 
nngh surface, though they hurst inti> tianieal oik-c wIm-ii iiiMtid ni«>ii 
asarface specially preparetl with reel ]dins|ilinnis. Tin- niaticT up'-n 
the tips of safety-matches is usually a niixtuie nl" ]intas>iiiiii ihluMtr 
and antimony sulphide, made into a i)aste hy nirans of ^diie : tin- >iii- 
fcce upon which the match is {<* be rul»l»ed is lomjuised of rod plii»s- 
phoms, black oxide of manganese and ^due. In favor of the use ff 
wl phosphorus for matches are the fads, that, unlike onlinan- ]»ho<- 
phorus, it is not deleterious to the workmen who liav«' to deal witli it, 
and it is far less liable to be set on fire by acrideiital friction. 

147. Phosphorus combines readily with many other elements 
besides oxygen. The ordinary' modifieation of phoH]du)niH eom- 
Uiies violently' with sulphur at teniperaturei^ neai ttve TSifeWxtv^- 
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]Miint of 8\il{ihiir, the act of combination being attended witk 
vivi«l coml)ii.stioii and loud explosion. With c hlorine , broimni 
and io<liiu>, onlinary phosphorus unites directly at the ordiDO} 
teniperatun* of tlie air, tlio combination being rapid and attended 
with inilummution. Phosphorus unites directly with most of 
tlifi metals funnin«; phoiphideib 

14S. Compounds cxf Phosphonis and Eydrogoa — There an 
three compoun<U of phosphorus and hydrogen ; ci which* it 
onlinary tem[)ordtur(^, one is gaseous, H,P, one liquid, B^ 
and oiKi solid, HP,. The gaseous compound, or rather tU 
ga.suouH coinjMjuiiil chai^',i^l with the vapor of the liquid sob 
]>ound, is stimewliat interesting, from the &ct that it talD|| 
iire spoutaneou8ly, immediately on coming into contact wifl 
tlic air. 



>. 59. — In a thin-bottomed flask of about 140 c c capadt^'i 
put 1 grin, of phosphoniA and 115 c. c. of potash-lye of 1.27 specifie 
gravity, obtained by tlissolving 40 gmis. of potassium hydrate in 110 
('. c. of water. Pour two or three drops of ether upon the liquid ta 
tlie neck of the flitsk, tlien close the flask with a cork carrying a loqg 
deli verv*- tube of glass, No. 5. Place tJie flask over the gas-lamp, upoB 
the wire-gauze ring of the iron stand, and immerse the end of tin 
delivery-tulxi in the wat<ir-pan, then gently heat the flask. The etlMl 
is added to the contents of the flask, in onler that the last traces rf 
air may be ex] Killed from the fla.^k by tlie vajwr which arises froit 
this highly volatile liquid as soon as it is warmed. 

F'«- 30. A» the potash-lye to* 

comes hot, small bQlj 
bles of gas will be sefli 
to arise from the 8iiv< 
face of the phosphoiflf 
and in a short titfi 
large bubbles of gas wu 
escape from the. deUl 
ery-tube : each of thei 
bubbles, as it comes ' 
contact with the air ' 
the surface of the vat€ 
will epohtaneowf^ly bnr«t irto flnme, and bum with a vivid light fS^ 
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ition of beantlful rings of white nmoke, if the air he noc din- 

' draughts. In burning, the hydrogwi phosphidt i« cun- 

to phosphoric acid, and of tbii» product the white Muuke 

rse, composed. 

# 
2 H,P + 8 O — 2 a^O«. 

3mic weight of phosphoniH is 31 ; the specific graritT of its 
been found to be 62.1. In this resiiect phiisphonis ditfi-n 
elements alre&dy studied where the combining weightj* unit 
olume weights have been identical ; it follows that, if the 
oi hydrogen contains two atoms of hydrogi*n, the molei-ule 
;orus will contain four atoms of phosphorus (p. 91). If we 
:he formula of hydrogen phosphide, H^ (§ 148^ with that 
da, H^, we have the atom of phosphorus, which weighs 31, 
I with the same quantity of hydrogen by weight a-* th«' atom 
tn ; but while from two volumes of ammonia-gas wo may 
iree volumes of hydrogen and one volume of nitrogen, fr*>m 

two volumes of hvflrf»;^<»n 
phosphide we hav«* thn*e vol- 
umes of hvdnMrcn and onlv 
half a volume of phosphonis 
vapor. The cr>:n|>asition of 
hydrogen phosphide may 
thus be repn»si*nte<l by the 
accompanying diagram. 





Oxides of Phosphonu. — There are three oxides of 
nis answering to the formulsB P,0, P,0„ P,Oj. 

phosphorouB Anhydride (P^O). — It is doubtful whether 
le has been isolated. Tlie eorresponding acid, however, 
5 H,0, Pgp = 2 H^O,), is known, as are also the corre- 
; salts, the hypojihoBphitea of certain metals : the hypo- 
e of barium, for instance, is Ba H^PjO^. 
>horoa8 Anhydride (PjOg) is fonned by burning phos- 
irith a limited supply of air. It is a white amorphous sub- 
rery soluble in water, and burning in the air to phosphoric 
ie (PjOj). The corresponding acid is H^O, (3 H,0, P,0,) 
eonespondiz?^ salts are called phosphites. 
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reactionn it in more convenient to employ one fonnuLiy and in fAtf^ 
rt'avlioiiH the other formula. '^ 

It is evident that there may be various rational formiilft ft^: 
the same sul)fltance : in fact, for aoetio add, a compound of caiboi^ 
oxygen and hydrogen to be descrilxxl in a subsequent chapter, wk 
fewer tliau nineteen fonnulse have been proposed. -> 

ir>3. All the acids (except those formed by the union of hydiqglii: 
with memlMirs of the chlorine group) and the correspopding salt! B^p 
Ixi written in a manner similar to that employed in the case of phfl^ 
phoric acid 3 H^O, P^O^ : thus, — nitric acid, H,0, N,Og ; sodopij. 
nitrate, Na,0, N,0^ ; potassium sulphate, "Eifi, &0^ Such foM 
nmlsD are called duallBtio, because they represent these bodioi # 
of a dual nature, — as being made up of two oxides which were 
tinct beftjre they were brought together to form the compound^ 
will be distinct when separately extracted from it : in a dualisfcie 
mula these two distinct parts are conventionally represented as \am 
some separate existence within the compound itself. The sup] 
is not unnatural : thus, for example, common plaster of Paris lA a 
stance containing the metal calcium and the elements sulphur 
oxygen in the proportions by weight which are correctly expreased 
the formula CaSO^ ; but this substance may be made by mel 
which suggest another formula. If we put together quicklime, 
and sulphuric anhydride, SO,, in due proportions, under 
conditions, plaster of Paris, or, as its chemical name is, calcium 
phate, results : CaO -|- 80, = CaO, SO, ; or if we mix slakffi 
lime, CaO, H,0, with sulphuric acid, H,0, SO,, in proper propdnt 
tions, at a suitable temperature, we shall again obtain calcium flii^. 
])hate, and water will be eliminated : CaO, H,0 -|- H,0, S0^» 
CaO, SO3 + 2 H,0. 

154. Another way of writing chemical fomiulsB is in acco 
wnth the doctrine of types. According to this doctrine, eveiy ^ 
sible chemical combination may be imagined to be built upon ibiS 
plan, or framed upon the type or model, of some one of three sdM 
stances, chlorhydric acid (or free hydrogen), water and ammonM 
These substances must be regarded as types only with reference M 
the supposed grouping of atoms in the compounds : the eztetrurf 
properties of various substances referred to the same type may b^ 
totally different. Examples of compounds referred to the difforefV^ 
types are : — 
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cacid. 



Hydrogen. 



f 



la. 



N 



Sodium 
hydrate. 

Aniline. 

H >N 
H ) 



ckloridA 

a } 

KItile 
add. 



Mctbrbaliw. 

H vxr 



kydfwU. 



AimiMiL 

(c A) I o 



J 



AceUmhU*. 

(c AO> I 



s 



be noticed in these examples that thfe hyvlrogen of 'th<* type 
eplaced, not only by a single element, but also by ii group of 
Such gronpe of elementary atoms are called componnd 
, and, like the elementary atoms themselves, difler in their 
power, some being wmaienl^ some binalenij etc 
irpical formula of some subfttances is written by regard- 
iubstance as built upon the type of the double molecule of 
al compound : other substances are regarded as built upon a 
)e. The following examples will serve to illustmte a iiew of 



is : 



Snlphnrio 
aeid. 

Urea. 
(CO) 



i°. 



Cakinm 
■nlpliate. 
(SO.) 
Cm' 



V) 



Type. 

iljo. 



Sulphmoiu 
acid. 



H 



i 



Lead 
nitrate. 



) Q 2 (NO ) ) 



Glyoerin. 

(CA)"'Jo. 



)ften convenient to mark the fact that an elementary atom 
eal is bivalent or trivalent by the use of the proper number 
ts placed at the right hand of the symbol, as has been done 
examples. 

typical formnlsB will he fonnd especially \iftftfvi\ m t\\ft c.oTkSai\.- 
9* 
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eration of the compounds of carbon ; it is, however, to be cUstmo^ 
remembered that a rational formula is never to be regarded at fM 
expression of an absolute tiiith, but only as a guide in classifioalifll^ 
an aid to the memory and a help in instruction ; while the empino^j 
fonnula expresses all that is actually known of the compoaitioa f$ 
any given body. 



•I 
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CHAPTER xm. 

AESEHIO, AHTnCOHT AHD BISIIUTH. 

ABSENIO (as). 

155. In small quantity arsenic is very widely distributed 
nature. It is sometimes found free in the metallic state, 
generally in combination with oxygen or sulphur and some 
of the metals, such as iron, cobalt, nickel and copper. 

156. Arsenic is a brittle solid of a steel-gray colot 
metallic lustre. At a dull red heat it may be converted int 
vapor which has a peculiar garlic odor. Heated in the air 
in oxygen, arsenic bums with a whitish flame producing 
white arsenic teroxide (arsenious anhydride). Arsenic 
bines readily with chlorine, bromine, iodine and sulphur j1 
also unites by fusion with most metals, forming alloys, wl 
the arsenic tends to make hard or brittle. In the mam 
of shot, a little arsenic is added to the lead to facilitate the 
mation of regular globules. 

The symbol of arsenic is As ; its atomic weight is 76. 
phosphorus, the specific gravity of its vapor is double its 
weight, and consequently its molecular symbol is A84. 
C ' 157. Hydrogen arsenide or arseninretted hydrogen (1 
is a colorless gas, having a fetid odor : even when very 
diluted with air, it is intensely poisonous, and fatal K 
liave repeatedly followed its accidental inhalation. The 
may be prepared in an impure state mixed with hydrogei 
introducing a solution of some compound of arsenic in 
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generator in which hydrogen is being pnMiucciI fniin /mi- \\u*\ a 
dilnte acid. 

Hydrogen anenide hnmff in the air with a whitihli tlirni'. 
ibnning water and a white sninke f>l' arsenlout anhydride; 
but if a cold body, like a j»ieci' <»f pnrcrlain, fur i-x:iiiijil«-. *-■ 

intrcKluced into a jet of the burnin;^ ^'ju<, tlw li\dr n :il !i.- 

will bum, and the arsenic will Ix; dt*jM'>itrl in tin- iihLH. 

itate u])on the porcelain Biirfact.*, fomdng a 1ii>imii.s Iduck ^]> !. 

This effect is precisely simihir to the dejNMitinn of i«>Hit on .\ 

cold body held in the flame '^^ *•• 

of a candle. The gas is lUso V / \ t^ 

decomposed when caused to ' - irtma^mmK^^ 

pass through tubes heated 

tp dull redness, metallic 

yOBeiiic being de{K)sited as 

I brown or blackish mirror, 

»hile hydrogen gas escapes. 

pieee properties of hydro- 

|Bn arsenide are made use of in testing for tin? pn'stMin.' cf 

Inenic in cases of 8usi)e':ted poisonini;. 

ri58. Compounds of Anenic and Oxygen.-- Thiiv aiv twn 

!Vd-deiined oxides of arsenic, — arsenioufl anhydride ^Ab.O,) 

Kd arsenio anhydride (As,0 J. 

L 159. Araenioufi anhydride (As,0,) often culled arxrniaun 

PPN^ or white arsenic, is formed when metallic ai'senic or ai-si/ni- 
|d ores are heated in the air. It ordinarily occurs in small 
jiciahedral crystals. When heateil with five acriross ui' ali\ it 
lizes without change: if heated in contact with carbon, it 
up its oxygen, and metallic arsenic is liberated. Arsi-nious 
lydridc is somewhat soluble in water : it dissolves readily in 
chlorhydric aciji ; but, when the solntion cools, most of the 
bus anhydride is deposited unchanged. 
*Tp. 61. — Place a few pirticles of " arsenious aci*! " * in an open 

Im substances now designated as anhydride! were fonnorly culled aoidi 
ted in I 62. In the case of sulphurous, arsenious and carbonic Rnhydrides 
ipnliir names sulphurous, arsenious and carbonic acids have such currency 
hey wtU be employed in this Manual where no ambiguitv can arise froii^ 
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[{ i6a^ 



rijc. 33. 




tiil>e of hunl glRHH (No. 5) about 10 c m. long, and heat over 
lumpy holding tbe tul)e in a sloping position : the white solid will 
volatilized, Imt it will inmie«liately be deposited again upon the 
part of the tube. By the aid of a lens, this deposit may be 
be iTvstallini*. 

Exp. 62. — Drop into the 
of a drawn-out tube of hatd 
No. 5, a morsel of arsenious add, 
above it place a splinter of 
(Fig. 33) ; heat the coal red-! 
the flame of the lamp, and then 
tilize the arsenious acid. The 
will give its oxygen to the coal, 
the arsenic will be deposited in a 
on the cold part of the tube, presenting a brillLant metallic a] 
anrc. 

Ezp. 63. — Throw a ][,article of arsenious acid upon a 
re<l-hot cIuu'coaI : the acid will be partly reduced, and the 
gnrlic i)i\{)T of the vui)or of metallic arsenic will be perceived. 

IGO. Arsenious acid is a violent poison, all the mora 
geroiis, hecjiuso it lias neither taste nor odor to warn the 
of its ])it*son(.o : two decigrammes of it will cause death. 
tlio s(jluble siilts of arsenious acid are likewise horribly 
ous. Tlio best antidote to the poison is a mixture of 
frcsblv j)r(it;ipitated iron hydrato and caustic magnesia. 

Arsenious acid is largely used in the manufacture of a 
liant <^en pijTment, a compound of arsenite and acetate of 
commonly called Paris ^Tcen ; it is applied as an oxidizing 
in the manufacture of glass ; it is consumed in considerable qi 
tities for poisoning vermin, and for producing the aisemc 
wliich is used in the dyeing and printing of cloth; if 
used in very small doses as a remedy for asthma^ and in 
dcin diseases. 

161. Arsenious anhydride is soluble in water. The 
is slightly acid, but it is doubtful whether a definite compoond 
anhydride with the elements of water is formed ; if so, it. woo 
properly designated as arsenious acid : there are cbnqKrau 
various metals (colled ar«enlt©s) wh -^^^ >no\M imply au tt 
MCid of- the formula U^M^O^ " .^^ BMwsJtob » Jk%^ 
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• 168. Anenio anhydride (Aa,OJ w |*n'iiiintl !•>- hratin^* ar»e 
■io add to dull rutluesH. It funiu* a wliiii* niimrphfiH iim»". ^!>i< i, 
lyloDg expoenre to water » gruiliially univirtiil Uu k intn ur- n.- 
acid. 

Aiaenio add (H^AsOJ U f>1>taimil \*y nxvU/iu-^ araeniotia 
•Bhydride with nitric aL-i«l, oiiiu Ti-^^xn or ntiii-r cxrili/iii;; .i^'-i.i-. 
4he correspuiKling fniXtA of the iiirtalH are l-uIKiI araeniatea. Ai ■• iii* 
jitod aiul some of the an«eiiiate.s are Ui<efl in «iv«'iii<'. 
^.,161 Sulphides of Araenic. — Two siil|ihi«le.'* of ar>fiiii 
^rtire, one (Aa^,) ia called real^;ar. It i:* umiI in |tyr<itr. I 
[Ae other (Aa^J is called otplment It lit nUu |in-i>uUMl aiiih 

Ij, and is used somewhat vla a ]>ignient. 

ANTIMONY (k1)). 

^'164. Antimony, like aTsenie, is found nativ«^ : it also nfnir-t 

)yed with other metals, especially with arnMiii*, nirk<I nn-i 

There exisc also a conf-idonildi' numl>er of miiicral^. 

kich consist'of, or contain, larj^e pruiHjrtiouH of tlu* ri.iijpnuii<ls 

antimony with oxygen and sulphur. All thi' antiinnny nf 

lerce is obtained fnmi the mineral tersulphidc, Sb^S,. Thf 

ibol for antimony is 8b, from the J^tin name of tlic >uh 

Stilium. 

165. Antimony is a brittle metal, having; a hhiisli- white 

a brilliant lustre and a highly crystalline structun*. Tin' 

of the commercial metal usually prt'iM'ut upon thiMr npinr 

beautiful stellate or feru-like niarkin^'s. Aiitiinoiiy 

at 450**, gives off vapors at a h>w rt'd heat ami t:ik(*s 

at full redness, burning brilliantly with involution of white 

of the terozide (8b,Oj. The atomic weight of antinioiiy 

1.120. 

^Antimony enters into the composition of several very valu- 

aUoys. Type metal is an alloy of lead and antimony, 

tining about 20 per cent of antimony. For stereotype 

8 ^ to ^ of tin is usually added to this alloy. The eom- 

L white metallic alloys, such as Britannia metal y |)ewter, 

used for cheap teapots, spoons, forks and like utensils, 

TKncfimty compounded of braaa, tin, lead, bismulYi. BivOl w\- 
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timony. The value of antimony in these alloys depends 
the hardness which it communicates to the compounds, wii 
rendering them inconveniently brittle. 

166. Hydrogen antimonide (H,8b?) is a colorless, inod 
gas which resembles hydrogen arsenide in being deeompos( 
heat ; it bums in the air with a whitish flame and gives off a s 
of antin^ony terozide : when a bit of cold porcelain is held a^ 
a burning jet of the gas; a sooty spot of metallic antimony is dep( 
on the porcelain. These spots of metallic antimony are distingu 
from those of arsenic, obtained in a^imilar manner ^m hydr 
arsenide by difference in lustre, volatility and solubility in va 
chemical agents. 

167. Antimony and Oxygen. — Antimony forms two 
defined oxides, — antimony teroxide (8b,0,) and antim 
anhydride (8b,0^). Antimony terozide occurs as a native 
tral, and is formed when metallic antimony is burned in th< 
Antimonic anhydride is formed by heating antimonic i 
The acid may be obtained by oxidizing metallic antimony with i 
acid. A third oxide of antimony occurs native. Its formu 
SbgO^ and it may be regarded as a compound of the other 
oxides, — BbjO,, Sb^O^ = 2 Sb^O^. 

168. Antimony and Chlorine. — Powdered antimony 1 
fire when thrown into chlorine gas (Exp. 32, § 81) ; it 
combines very energetically with bromine and iodine. When 
finely powdered, it is dissolved by boiling chlorhydric acid, 
evolution of hydrogen ; if a little nitric acid be added to 
chlorhydric, the metal dissolves easily, to form a solutioi 
antimony terchloride (SbCig). 

Antimony terchloride at the ordinary temperature is a t 
Vig, 34. lucent yellowish substance of fatty consists 

whence its popular name, " butter of antim< 
When thrown into water, it is decomposed 
chlorhydric acid and antimony teroxide, w! 
however, remains united with a portion of 
chloride, forming a white powder which con 
antimony, chlorine and oxygen, but is some 
variable in composition. 

Ezp. 64. — In a flask of about 200 c c 
pacity, heat gently 0.5 grai. oi ^TialY-^wd 
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Qy ¥rith 30 c c of strong cUorbytlric aci«l, Ui wktcli 10 <\T\t\m 
ic acid have been added. When coinplt'U! lUilutioii Iium \nr^n 
I, ]X)ur a little of the chloride into wat4*r, t(» di*nii)nHtnit4: thi* 
losition just referred to. •£va|Kirate the rfHt f»f the wilutiiin to 
lsi^^tency of a thick tfirup : it in the butter of antimony. 
Antimony and Bnlphnr. — The native niinend known at 
intiniony or antimony glanoe is antimony tennlphide 
). It i)B the source of the antimony of couiiuerce. 

BISMUTH (Bi). 

. The metal biimilfh is found chiefly in the nictiUic ttUitc, 
so occurs in combination with sulphur, oxy^ni and Ud- 
1. It is prepared for the arts almost exclusively fn)m 
r bismuth. It is a tolerably hard, brittle luotal, of a 
i-white color with a reddish tinge. When pure, it crys- 
( more readily than any other metal ; by the method of 
(§ 113) it may be obtained in most beautiful crystals, 
highly iridescent by the thin tilm of oxide which forms 
ir surfaces while they are still hot. 

auth promotes the fusibility of metals with which it is 
1 to an extraordinary extent. The most n»markable alloy 
nuth is that known as " fusible metal." When composed 
»art of lead, 1 part of tin and 2 parts of ])i8niuth, this 
aelts at 93^.75. The symbol of bismuth is Bi ; its atomic 
i is 210. 

There is no compound of bismuth and hydrogen as yet known, 
ire three oxides corresponding to the oxides of antimony, — bis- 
ieroxide (Bi,0,), bismuthic anhydride (BijOg) and the oxide 
^hich may be reganled as a compound of tlie other two. Bis- 
terchloride (BiCl,) resembles antimony tert-hloride. It is de- 
«d by water into chlorhydric acid, which dissolves a portion 
chloride, and a precipitate containing bismuth, chlorine and 
, and called bismuth oxycJiloride (BiOCl). 

. The Nitrogen Gronp of Elements. — The five elements, 
en, phosphorus, arsenic, antimony and bismuth, form a 
larked natural group of elements. In the first place, the 
ots themselves exhibit a de£nite gradation of i^Toi^T^Aca, 
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and, secondly, the analogy in composition and properties maoi 
fested by the similar compounds of the live elements is mofd 
striking and complete. 

Nitrogen is a gas, phosphorus a solid whose specific giayit] 
varies from 1.8 to 2.2, arsenic has the specific gravity of 5.6 
antimony of 6.7, while that of bismuth rises to 9.8. The ma 
tallic character is most decided in bismuth, is somewhat lei 
marked in antimony, is doubtful in arsenic and almost van 
ishes in phosphorus. The series of corresponding hydndes 
oxides, chlorides and sulphides, which the elements of thi 
group form, are very perfect : they prove the general chemiei 
likeness of the five elements : — 



Tydrides. 


Chides. 


Oxides. 


Oxides. 


Chlorides. 


S^phM 


J»H3 


N.O, 


N.O. 


N.O. 


NClJil) 


PA 


PH, 


P.O. 


SbA 


P.O. 


PCI, 


A-A. 


AbH, 


AB.O, 


Bi,0, 


AB,0. 


AsCl, 


SbA. 


BbH, 


8b,0, 




8b,0. 


SbCl, 




BI,0. 




Bi.O. 


BiCl, 

PCI, 
SbCl, 


PA 

A.,8, 
8bA, 



When the qualities of the corresponding compounds wKH 
the members of the nitrogen g^up fonn with other elemi 
are duly taken into account, it will be apparent that the 
chemical power of each element of the group may be infe 
from its position in the series of elements : — 

N = 14, P = 31, As = 75, Sb = 122, Bi = 210. ^ 

The chemical energy of these Rve elements, broadly considei^ 
follows the opposite order of their ^atomic weights. \ 
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CARBOy. 
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CHAPTER XIV. 



CASBOH (C). 

173. Carbon is an extremely important and a very ahtiiKiant 
element. All organic substances, all thing's which havi* lit'«-, 
contaiii it. In the mineral kingdom, the variou.s tonus nt' cnal, 
graphite, petroleum, asplialtum, and all tlie ditlcri'iit variitit-s <il' 
limestone, chalk and marble, contain it in lar^i; pn)iM>rtinit. It 
IB found also in the atmo8i)here and in the waters ut' tli»* >,'1'»Im', 
and though existing therein in comiuiratiwly small pn>|Miiti"ii, 
it is an ingredient not less essential than either of their oth< r 
constituents for the maintenance of the actual halaiK-u <>t' oi-;^:iiiii> 
Mtme. All vegetable life is directly deiM*iich*nt uiH)n the jms- 
niee of the compound of carbon (carbonic acid) which e\i>ts 
in the atmosphere. 

174. Three distinct allotropic modifications of earl ion 
Ke distinguished, namely, 1. The diamond ; 2. Plumbago 
or graphite; and 3. Ordinary charcoal or lamp-black; of 
fftis last moditication there are many sub varieties. In i'a«li 
rfits modifications, carbon is an infusible, non-volatile solid 
Lfcoid of taste and smell. While the several luodiiications 

among themselves in color, hardness, lustre, s|)e(ili(; ^'r;iv 

f, behavior towards chemical agents, power of conductin*,' 

and electricity and in various other respects, they all 

in this, that, on being strongly heated in pn^senco of 

3n, they unite with it and form the same compound, an 

ie of carbon (CO,). 

175. Diamond. — The diamond is pure or nearly ])uro cjirbon 
occurs in nature in octahedral crystals. Its rarity and its 

gh refractive power as regards light, together Avitli the difii- 

with which it is worked, make it the most precious of 

It is the hardest known substance. The diamond has 

as yet been produced artificially. 

1^ diamond Is not attacked by the strongest adda at vsJ^s,- 
10 
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lies, not even by fluorhydric acid ; nor is it acted upon by anj 
of the non-metallic elements, with the exception of oxygen ai 
high temperatures. At the ordinary temperature of the aii| 
diamond undergoes no appreciable change. Out of contad 
with the ail*, or in an atmosphere which has no chemied 
action upon it, it suffers no alteration at the highest funiaoe 
heat ; heated white-hot between the charcoal points of a pDiret 
ful galvanic battery, it softens and swells up, forming a blae|t 
'brittle mass like coke ; heated in oxygeii gas, it buros 1||r 
carbonic acid (COj. ^ 

176. Graphite or Plambago, sometimes called " black-leid^ 
is familiarly known as the material of common " lead pencils**^ 
It is found as a mineral in nature in various localities, 
occurs both in the form of crystals and in the amorp! 
massive state. In both forms it is always opaque, of a black 
lead-gray color and metallic lustre. 

Graphite is very friable ; when rubbed upon paper, it le** 
a black shining mark, whence its use for pencils. Amorpl 
graphite is so soft and unctuous to the touch that it is 
used as a lubricant for diminishing the friction of machine 
but in spite of this seeming softness, the particles of wl 
the masses of graphite are composed are extremely hard ; 
rapidly wear out the saws employed to cut these masses, 
the air, at ordinary temperatures, graphite undergoes 
change ; hence its use for covering iron articles to p 
their rusting. By virtue of its greasy, adhesive quality, il 
easy to cover iron with a thin, lustrous layer or varnish of 
the common stove-polishes, for example, are composed of 
dered graphite. 

177. Gas-Carbon. — An interesting sub-variety of 
somewhat similar to graphite, and standing, as it were, be' 
it and the ordinary modification of carbon, is obtained 
the retorts in which common illuminating gas is manufaci 
It is known as " gas-carbon," or " carbon of the gas-retc 
and results from the burning on of drops of tar upon thi 
terior walls of the retort, and the long-continued heating (A 

crust thus formed. 
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OaB^Mrbon is vory Impl, compart ami cKmisi* : it hit- .i 
metallic lustre, and condurts ekH-trifitv Iik«* a imtal. « »n 
account of its liigb condurtiii<{ ]niw«t, it is ciiipliiycil iu tli- 
manufacture of galvanic liatttTics and nf iH.*ni'ilN fir tin* rli«tii«- 
lamp. 

178. Ck>ke and Anthracite Coal an.* impimr sul» varittics «.t* 
carbc»n which, fn^m the chemical i>oint of view, may !»■ ri;L--iil 
either with graphite or charcoal, or lM>tt«'r iN-twi-cn tht* tu>>. 
They are less like graphite, however, than «,'asi-arlM.n is. Coke 
is the residue resulting from the <lestnictive tlistillati«»ii nf M.ft 
or bituminous coal. 

Exp. 65.-— Put into a tube of ^^' '*• 

krd glass. No. 1, 12 or 15 c. ni. in 
length, enough bituminous coal, in 
coMse powder, to fill one-third of 
the tube. Fit to this igniti(m-tube 
I »laigedeliver}--tubeofglas8, No.4, 
nd support the apparatus upon the 
>nm stand, as shown in the figure. 
Heat the coal in the igniti(m-tu1>e, 
Bid collect in bottles the gas which 

*ffl be evolved. The gas will bum with a yt*lh»w fianip on the apjili- 
Htion of a match. This gas is a mixture itf sevfial (-(>ni)M)un<ls nf 
•ttbon and hydrogen ; for the present, it may U* n-^Mnlfd as carlm- 
Ntted hydrogen. It is, in fact, onlinary illuniinatiiig «^'as. 
' As soon as gas ceases to be given ofi* from the coal, take the (mkI nf 
fc deliveiy-tube out of the water, and whi-n tlu* i^niititui-tulH- lias 
Wttwie cold, break it, and examine the eokt* which it ((intains. Tin* 
nke used for domestic purposes ia obtaininl as an incidental priMluot 
^ the manufacture of illuminating ^as. 
Bitominotui coal is a sul)stance of vegetable ot\iS\\, which ap- 
to have been formed from plants by a ])r(K-e»s of slow decay 
on without access of air and under the influence of heat, ni(»is- 
and great pressure. Like ve^^etablc matter in geneml, it is 
of carbon and hydrogen, together with small proiMnlions 
nygen and nitrogen, and a certain (juantity of earthy and saline 
tances, commonly spoken of as inorganic matter. On l)eing 
ed in the air, it bums away almost comjdetely after a while, huiv- 
Dothin^ hat the inorganic components as ashes. B\xt ^\i«Ti\\c^\,^ 

r 
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out of contact with the air, that is to say, when sabjected to dertno- 
tive distillation, as in Exp. 65, the volatile hydrogen is all driven oft 
in combination with some carbon, either as gas or as a tarry liquid, 
and the residue, or coke, contains only carbon contaminated witb 
the inorganic matters originally present in the coal. 

In Europe, where anthracite is lacking, immense quantities of cdoi 
are prepared for metallurgical uses, the gas resulting from the decooi- 
position of the coal being usually thrown away. 

Anthracite is supposed to have been formed, like bitnminoil 
coal, from the slow decay of vegetable matter, and then to have best 
subjected to some sort of natural distillation by which it has been dfc' 
prived of nearly all the hydrogen, nitrogen and oxygen of the origiml 
wood. It is thus a coke fomied by natural agencies. 

179. Both coke and anthracite are hard and lustrous, 
compared with charcoal, they are rather difficult of combi 
Both anthracite and coke, the latter in spite of its poi 
conduct heat readily, as compared with charcoal ; hence 
reason of the difficulty of kindling them. In building a 
coal fire, the heat evolved by the combustion of the kin( 
material is almost all retained by the portions of charcoal 
mediately in contact with the kindling agent, but in the case 
coke or anthracite, a large proportion of this heat is condi 
off and diffused throughout the heap of fuel, so that no poi 
of the fuel can at once become very hot. 

180. Charcoal or Lamp-black is commonly taken as 
representative of the third or amorphons modification of carl 
This kind of carbon can be obtained in a state of tolei 
purity, either by heating in a close vessel sugar, starch or 
other organic substance which contains no inorganic constiti 
or by burning oil of turpentine in a quantity of air insuffic 
for its complete combustion. 

Charcoal can be obtained also by distilling wood in retoi 
the same way that we have seen that coke can be procured 
bituminous coal. (See Exp. 65.) 

Ezp. 66. — Provide an ignition-tube and a delivery-tube sin 
to those employed in Exp. 65. Fill the ignition-tube with shavin 
smaJJ fragments of wood, arrange the apparatw^ aa before and 
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RB-Umix Collect in IioUIm Ihx g/m which i* iiivrn off fmiu 
'ood and Mat it as h> lla inRainiuability by applying « tighlod 



After the flow of put hail 
ry-tube fivni tliu matvr, plu}) it ■ 
m-tobe uiil lay the apiumtuii i»v\ 
y, remove tlie cork from tlie ifini 
il which ia cnnloincd in il. Ucn 
iilitinum foil Mill iibMHTT the mruinpr ia wliirh it bum* 
lie the fart tlint Bolid aulistaticai whii'.h arc JncupablR of rvutr- 
Utile or gaseuus luatlur do not bum with Ihuuc, — they lurn'ly 



.1, nimuvc the whI ur Iba 
int rill ulr can riil^r IIip 
intil it hnt bMvtiui' cuUl. 
i-tulw aiul tak« out Uie 
pdKJnii at thin chanW 



' OBB in the arts charcoal is aomniimrs prrparnl by 
ii^ the wiioii in retortB, but tnoro gi^nprnlly by bnrninj; 
>od with little ar««s3 of air. Logs of wochI tin> piJeil up 
. large mound or stack around a centra] ajwrturv, which 
jnenlJy serves a« a l«m|Kimry cliimney and also for 
itroductiou of burning aiibatan(.-es fur iiriiig the henp. 
hiished heap is covered with chips, leaTci, sods and a 
rs of iuoisl«Ded earth and charcoal dust, a numficr of 
rea being left open arounil the bottom of the heap 
i admission of air and the esrajie of th« pnidiiuts of dia- 
m and comboation. The heap is kindlol at the cen- 
1 bnmsdur- 
reral weeks. 




The charcoal retains the form of the 

the shape of the knots and the annual rings of the 

b^ng still perceptible in it, — but it occupies a much 
r Tolnrae than tli« wood : generally iU bulk does not 
it to more than Ahreo-Jburtlis of that of the wood, and 
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its weight never exceeds one-fourth the weight of the wood. 
Sometimes kilns built of brick are used instead of the rode 
heaps here described. 

Where charcoal is prepared by distilling wood in retorts, the 
liquid products of distillation, namely, tar and acetic aflU 
(" pyroligneous acid "), are saved and utilized. 

181. Lamp-black. — Upon the large scale, lamp-Uack it 
manufactured by heating organic matters, such as tar, vtaii 
or pine knots, wliich contain volatile ingredients very rich jif 
carbon, until va|)ors are disengaged, and then burning the** 
vapors in a current of air insufficient for their complete com- 
bustion. The vapors consist of compounds of carbon and 
hydrogen, and the supply of air being insufficient to consume- 
both hydrogen and carbon, a large portion of the carbcm A*" 
the. combustible does not bum, but is deposited as a very fioaS 
powder precisely similar to that which constitutes the bhcM 
portion of common sn^oke. Lamp-black finds important i^ 
plications in the arts as a pigment and as the chief ingredioil; 
of printers* ink. 

r 
"Exp. 67 . — Fill an ordinary spirit-lamp (Appendix, § 5) with (4 

of turpentine, light the wick and place over it an inverted widft-^ 

mouthed bottle of the capacity of a litre or more, one edge o^thf^ 

mouth of the bottle being propped up on a small block of wood, so 

that some air may enter the bottle. As the supply of air is insufi^ 

cient for the perfect combustion of the oil of turpentine, a quantity 

of lamp-black will separate and be deposited upon the sides of tht 

bottle. 

Hydrogen kindles at a lower temperature than carbon, heiusf 
if the flame of a burning compound of carbon and hydrogen hi 
cooled down below the temperature at which carbon takes iire^ 

1 

lamp-black will be formed, even if there be present an abundanf 
supply of air. 

Ezp. 68. — Press down upon the flame of an oil-lamp or candll 

an iron spoon or a porcelain plate in such manner that the flame dul 

be almost, but not quite extinguished. TYie bo^A. \)oA:^ Tiot oisly oil 
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the dnof^t of air, tnd thereby interferes with the met of 
itiou, bat it also cooU the flame bj 1** S7« 

y conducting away part of iUi heat ; 
iperatiire is thus reduced to below the 
g-point of carbon, and a quantity of 
lack remains unconsunied and adher- 
the spoon or plate. The deposit of 
lack is, of course, comparable with 
ts of arsenic and antimony, alluded to 
>7, 166, as being obtained upon porce- 

products of the incomplete combus- 

the hydrogen compounds of these 

In all its varieties, charcoal is a very important cbemi- 

3nt, chiefly because of the readiness and energy with 

it combines with oxygen at high temperatures. It mi^ht 

be said that the art of metallnrgy, as it now exists, is 

ipon the affinity of carbon for oxygen. 

69. — Mix two and a half grammes of cojiper oxide with a 
of a gramme of powdered charcoal ; j)lace a portion of the 
J in an ignition-tube made of No. 3 gla<*s, and heat it 8trr»ngly 
gas-lamp. The charcoal will unite with the oxygen of the 
oxide, and the compound thus fonueil will e9ca|)e in the form 
while metallic copper will remain in the tube, 
experiment is analogous to Exp. 62, where arsenious acid was 
[ by means of charcoaL Both experiments are typical of the 
in which hot charcoal acts upon metallic oxides. At a white 
removes oxygen from its combinations with some elements 
hold it with great force, such as the oxides of sodium and 
im, phosphoric acid and water. If a current of steam be 
3ver red-hot charcoal, the steam is decomposed ; the hydrogen 
ee, and the oxygen of the steam combines with a portion of 
bon to form carbon protoxide (CO), an inflammable gas. 
iction which occurs may be formulated as follows : C -}- H,0 
-f-2H. 

deoxidizing power of charcoal, thus illustrated, is 
ed only at high temperatures. At the ordinary tem- 
e of the air, the chemical energy of ehaxcooiX VA.esL<(9»^'* 
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ingly feeble. Charcoal is, in £eu;t, one of the most dtuable d 
substances. Specimens of it have been found at Pompeii an 
upon Egyptian mummies, to all appearance as fresh as if jtu 
prepared : the action of the air continued through centuiie 
has exerted no appreciable influence upon it. Eence-poeit 
which are sunk for a certain distance into the ground are ofiea 
charred on the outside, and thus rendered more durable. 

183. A physical property of charcoal, which is of grea 
practical importance, is its power of absorbing and (KM 
densing within its pores a great variety of gases and vap(ffii 
Freshly-burned charcoal exposed to damp air, in a cellar ft 
instance, will gain 10 or 12 per cent in weight in the course a 
a single day. 

ISzp. 70. — Take from the fire a piece of charcoal which hi 
beeu healed to full redness for some time ; thrust it under water I 
that it may be suddenly cooled, and observe that it sinks in the wate 
and that few or no bubbles of gas escape from its pores. 

Take another jiiece of charcoal which has long been exposed to ill 
air and has not recently been heated, attach to it a quantity of shed 
lead suflBcient to sink it in water, and immerse the whole in a lai{ 
beaker-glass two- thirds full of hot water. The mobile water will in 
mediately enter the pores of the charcoal, and a portion of the ai 
which had previously been absorbed by these pores will be driven ou 
and can be seen escaping in bubbles through the water, chiefly frw 
the broken ends of the coal. 

To the presence of air and aqueous vapor, which has bee 
thus absorbed, is to be attributed the snapping and cracklii 
of old charcoal when it is thrown upon a hot fire. 

Difi'erent gases are absorbed by charcoal in very diflerent propo 
tions : thus a cubic centimetre of dry, compact charcoal, such as th; 
from boxwood, will absorb as much as 90 c. c. of ammonia-gas in tl 
course of 24 hours ; while in the same time it will absorb only 36 c 
of carbonic acid and only 2 c. c. of hydrogen. 

184. Charcoal is much employed as a disinfecting agoi 
li 13 capable of Teia[i<yvmg many offenwLve o^ot» ^te^ the ai 
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such, for example, as the feticl pnNlucU pv<«ii ofl* (luring tlif 
patie£Eu;tion of animal anil vef^tahle HulMtmruH. Aiiiiiial mut- 
ter in an advanced stage uf putn^fiiction Iinm'm ail otl'i-iiAivf im\*,T 
when covered with a layer uf charuoul, and tlu* ilfxili f^f u di-a*! 
animal buried beneath a thin layer of charriial will Krulii.-illy 
va^te away and be consumed without exlialin^ any unplraMiiit 
smell 

Exp. 71. — Place a small quantity of powderttl chart' al in a 
bottle containing hydrogen sulphide gaH, and shake the Ixiltlo. Tiif 
odor uf the hydrogen sulphide will quickly disap]M*ar. In th<' b^iiin- 
way, an aqueous solution of hydru^^en sulphide (Exp. 4h) can U- «ii-. 
odorized by filtering it through a layer uf cliart-'oal. 

• 

In all these cases, the use of charcoal as a disinfectant (Ii'ih-imN 

not merely upon its mechaniud ability to nljKorb onciihivi* ^^'jlxi^. Imt 

also and mainly upon the fact that the absorlied ^it^'s are rh<-nii> .-illy 

destroyed within the pores df the coal by the uxyj^Mi whirh is su«k«'l 

I into these spaces from the air. The [mrifying action d<j)rnds ujmn 

•y oxidation, upon the burning up of the oifenHive f^ascs as fa>t .-u* 

' they are formed. The charcoal is in no sense an antiseptic or ]»n- 

•ervative agent proper to prevent decay ; on the contrary, it aitually 

hwtens the destruction of putrescible orgiuiic matters. rn<lrr nnli- 

\ liuy circumstances, while in contact with the air, the pnn;s of char- 

\ coal are, of course, always chaiged with oxygen by virtue <»f tlnir 

' tlsorptive power. Whenever, therefore, any new gas is dni^^j^'ed in, 

I ttid forced into intimate contact with this oxygen, it is preeistdy as if 

' the gas had been carefully collected and then suljjected to the action 

, of some corrosive chemical agent. A great merit of charcoal as a 

. disinfectant is, that it constantlv draws in to destruction the offensive 

Blatters around it; pans of charcoal placed about a room, — the 

Wards of a hospital, for example, — the air of which is offensive, 

»ou remove the unpleasant smell. 

^185. Charcoal not only destroys odors, but it removes colors 
«8 well, and for this purpose it has long been employed in the 
purification of sugar and of many chemical and pharmacreu- 
tical preparations. Almost any coloring matter can be ro- 

[;*ioved from a solution by filtering the liquid through a layer 

Ivf charcooi. 
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[f iw. 



FIff . 38. 




72. — Provide four amall bottles of the capacity of 100 oc^ 
200 c. c, and place in each of them a table-spoonful of bone-black 

(§ 186) ; into the first bot- 
tle pour a quantity of Uifi 
blue compound of iodine 
and starch obtained in' 
Exp. 39 ; into the second^' 
a decoction of cochineal f 
into the third, a dilate 
solution of soluble indigo- 
blue ; into the fourth i 
solution of blue litmuL 
of logwood, or indeed o^ 
almost any other vegetaUa 
coloring matter ; enouj^ 
of the solution being takfli' 
in each instance to nearly fill the bottle. Cork the bottles and alnlw 
them violently, then pour the contents of each upon a filter (see Aifft 
pendix, § 15) , and observe that the filtrate is in each instance oolov^ 
less, or nearly so. In case the first portions of the filtrate happen U^ 
come through colored, they may l)e poured back upon the filter anA. 
allowed to again pass through the coal. 

In the purification of brown sugar, the coloring iHatters are removelt 
in a manner similar to the foregoing, the colored sirup being filteratf 
through layers of bone-black. Besides coloring matters, charcoal catt 
absorb many other substances : sulphate of quinine, for example, IB 
removed from its solutions, to a very considerable extent, by charcoal^ 
and the same remark applies, with perhaps still more force, to stiycb- 
nine. The bitter principle of the hop, " lupulin," may be entire^ 
removed from ale by filtering the latter through bone-black. 

In all these cases where coloring matters, and the like, are remove! 
from solutions, the action of the coal appears to depend in the mauV 
directly upon the physical property of adhesion; the subsequeatf 
oxidizing action being here far less clearly marked than in tltf! 
instances previously studied (§ 184) where gases are acted upCHliS 
Much of the absorbed color or other matter will usually be fomil 
attached to the surfaces of the coal, undecomposed and unaltered. j 



186. As obtained from different sources, charcoal exhibilll 
verjr different degrees of decolorizixig po^^vet \ Wt oi tJhft 'van^j 
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ties commonly met with and to he pmriiretl in rninmfmi*, bone- 
black is the most efficient. Bone-black is |ireiuin*<l t'.ir th*- u^i' 
of sagar-ietiner8, by subjecting iMine^ to (lr>tru< tiv«* iliMilI.iii"n 
inkige iron cylinders and curvfuUy cuolin^ tin* rhiin-niil mit •>!' 
contact with the air. As dn' bone's contain alxnit fiti ]mt nut 
of mineral matter, the cliarcoal thus oblaiincil i.s Ictt in mi 
exceedingly porous condition, distrihuted ovit uml :iiii<>n;^ thi* 
p&rticles of the mineral matter. 

'"187. CompouncLi of Carbon and Oxygen. — Thon* an* tw.> 
, of these compounds, — Carbonic anhydride (CO j mA carbon 
intoxide (co). 
^188. Carbonic anhydride, commonly call«il carbonic acid 

(00,), is always formed when carbon or any of its (■•tiiipniiinU h 
Iwmed in an excess of air or of (»xyf?en jr«i.s "r in rmitart with 
nbstances, gaseous, liquid or solid, whicli an^ ridi in f>\y;^'<'i), 
ttd yield it readUy to other bodies. 

B3sp.73. — Place a live coal (charcruil) u])on a «K*fla^'rntin;j r*I n, 

Od thnist it into a bottle full of air, or, better, oxyj^t-n ^ms : \\\wn 
Aecoal has ceased to glow, pour into the bottle some linu'-wat* r, — 
* solution of common slaked lime in water, — and sliaki' tlir Imttli'. 
*l* liquid will become milky and tur)»id, an<l, wln-n Irft at i'»*>t, will 
*pwit a white p>owder (calcium CArlnmate). The pn'stMut* nf rarlmnif 
*M can readily be detected by means of lime-wattT, sine** this insnlu- 
■e precipitate of calcium carbonate is formed when the twt) sul>- 
^*ice8 are brought together. 

Fiom the formulae of the class of bodies known as carbonates 
Ninm carbonate = Na^CO,), we should infer the existonee of a 
4>aboQic acid of the formula H,CO,. Carbonic anhy<lri<le does 
ip*>lvein water, and the solution has a slightly acid reaction : it is, 
er, doubtful if a definite compound is formt'd. The term car- 
iapocacid has, however, been so long applied to the oxide of carbon, 
^Pn and the term has such a foothold in our lan;^iajj:e and literature, 
it will be used in this chapter in its popular sense. 

fcp 74. — As was just now said, carbonic acid may be produced 
by beating carbon in contact with solid bodies which contain 
, such, for example, as the red oxide of mercuiy. Mix 11 
of Ted oxide of mercury with 0.33 grm. oi cbarcpal *, ^W;^ \)aR 
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miztare in ui ignition-tube arranged aa in Figure 3G ; heat tl 
and collect over wat«r the gaa which t8 evolved. Te«t the | 
with lime-waler, as in Exp. 73. The reaction between the c 
and the mercury oxide tnaj be written as follows : — 

2 HgO + C =r CO, + 2 Hg. 

The metallic mercury set free condenses in droplets upon t 
upper portions of the ignition -tube. Here, ^ain, as in Eips. 
69, the metallic oxide is reduced by the choicoaL 
~ 189. Carbonic acid may readily be obtained from 
compounda called oartxHtatW, several of which are abi 
minerals. Common chalk, marble and limestone, foi ex 
are compoeed of calcinm oarlKmata; and carbonic ac: 
readOy be obtained by strongly heating them, or by aub 
them to the action of strong acids. 

Bxp. 73. — In tt gas-bottle of 600 or 600 c c. capacity, ai 
precisely as for generating hydr<^n(Bee Exp. 11, §35), place 1 
gmiB. of chalk or ma 
small lumps ; cover tb 
with water, and p. 
through the thistle-tu' 
centrated chlorhydrii 
by small jioitions, i 
quantity as shell in 
continuous and equal 
lution of gas, CoUe 
eral bottlee of the g. 
water, then replace 1 
tenor portion of the 
ery-tube with a straig) 
and collect one or two bottles of the gas by displacement ; c. 
acid gos is hdf aa heavy again as air. The reaction betw* 
calcium carbonate and the chlorhydric acid may be thus formi 
CaCO, + 2 HCl = CaCl, -f H,0 + CO,. 
"~ 190. At the ordinary atmospheric temperature and pr 
carbonic acid is a transparent, colorless gas, of a slight! 
smell and taste. It is incombustible, being already the p 
of tie complete combustion of carbon, and is, moreover 
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pable of snppoiting the combuBtion of mo«t other IxnIica : it iri 
also incapable of supporting animal life. 

Ezp.76. — Thrust into a bottle of the ga^, nbtainM in Exp. TA, 
ab'ghted candle, or, better, a large flame of alcohol Imniiii;^ iiImph u 
toft of cotton ; in either case the flaniewill l)e inntontly eitiiigui!<>h«*«l. 

'"IDl. The specific gravity of carbonic add is 22 ; Ix'in^' thus 
1.53 times heavier than air, it can be poure<l from on*? vt-sstl t< » 
another almost as readily as if it were water. 

•. „ , , , , ri«' *<>• 

Ezp. 77. — From a large bottle or other 

Teasel full of the gas, jwur a quantity of car- 
Ionic acid upon the flame of a lamp or can- 
dle ; that is to say, hold the mouth of the 
open bottle of carbonic acid obliquely over 
the candle flame, so that the gas shall fall 
like water upon it : the flame will immedi- 
ately be extinguished. 

Carbonic acid can be obtained in the 
liquid state by subjecting the gas to pressure. It can al8o be obtained 
in a 8oUd snow-like state by exposing the liquid to coM. 

192. Carbonic acid gas is soluble in water to a considerable 
tttent. One measure of water at the ordinary temperature and 
pressure, will dissolve one measure of carbonic acid giis, but its 
BoIubiUty increases if the pressure be increased. 

Ezp. 78. — Into a long-necked flask or phial filled with carbonic 
*id, pour a quantity of water, close the bottle with the finger and 
Aake it ; immerse the mouth of the bottle in water, and remove the 
finger ; water will rush into the bottle to supply the place of the gaa 
which has been dissolved. Again place the finger upon the mouth of 
tbe bottle, shake the bottle as before and subsequently open it beneath 
tite surface of the water ; a fresh portion of water will flow into the 
bottle to supply the new vacuum ; in this way, by repeated agitation 
with water, all of the carbonic acid in the bottle can be absorbed. 

When subjected to increased pressure, carbonic acid gas dis- 

olves in water much more abundantly than at the ordinary 

ttessure of the air. Water thus surcharged with carbonic acid 

las an agreeable^ acid^ pungent taste, and effervesces briskly 
11 
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when the compression is suddenly removed, as when the liqui> 
is allowed to flow out into the air ; such carbonic acid water, c 
** mineral water/' as it is then called, flows from the earth i 
many localities, as at Seltzer and Saratoga : it is also prepare 
artificially, in large quantities, and sold as a beverage imder th 
meaningless name of soda-tvater. The effervescent qualities Q 
fermented liquors, such as cider, champagne and beer, are, in hk 
manner, dependent upon the presence of compressed carbonj 
acid gas. 

193. Carbonic acid is produced, not only in the actual can 
bustion of all substances which contain carbon, but also duriii 
the decay and pntre£Etction of all animal and vegetable sal 
stances. During fennentation it is evolved in large quantitie 
and it is continually given off during the respiration of an 
mals. 

Exp. 79. — Dissolve 10 grms. of honey or molasses in 100 c 
of water ; fill a large test-tube with the mixture and add to it a fe 
drops of bakers' or brewers' yeast ; close the oi>en mouth of the tes 
tube with the thumb, and invert it in a small saucer or porcelad 
capsule filled with the diluted sirup. Place the saucer and tube, wit 
their contents, in a \/ann place, having a temperature of about 2C 
or 30°, and leave them there during 24 hours. In a short time fe 
mentation sets in, and the sugar of the sirup is gradually converte 
into alcohol and carbonic acid. 

C,H,,0. = 2 C,H,0 + 2 COr 

Sugar. Alcohol. 

The carbonic acid thus formed rises in minute bubbles, causing 
gentle eflfeivescence in the liquid, and collects in the upper part c 
the tube, while the alcohol remains dissolved in the liquid. 

Exp. 80. — Provide two test-glasses or small bottles ; place J 
each 15 or 20 c. c. of lime-water ; through a glass tube, blow into tl 
lime-water of one of the bottles air coming from the lungs. I 
means of bellows, to the nozzle of which a gas-delivery tube has bei 
attached, force through the lime-water of the second bottle a qnantil 
of fresh air. The clear liquid of the first bottle will quickly becon 
turbid through deposition of calcium carbonate, while the Ihne-wat 
of the second bottle will remain clear for a long while. 

J 94. Carbonic ildd is ah exceedingVy ^^Vl ^jcvi-, it OailB 
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neutnUie (§ 48) com]»leteIy tli« caui*tu-ity of hyilrit>-. -n< ii .i'> 
those of the alkaline metal:* ; the nunual curUuiatr nl "•"liuni. ! r 
example, » deciilttilly alkaline in iti« j\*ai-tii>n ami |inii>«-itiiv At 
most all the earlKinates arc n-iulily 4U*ciinijH».«i'il iiy su i«lr<, • \< :. )-\ 

"r Ttrv weak acids, — with an fir»*rvi*si'rn«»* tJiii^i-*! }»v ilu- i--i i; ■ ••! 

\ carbouic acid : many, anion;; them calcium carlNUiali', air ih < "H.] I 

bvheat. 

Carbonic acid is hil>asic ($ 134) likt* sulphurir n<-iil : \\\\\^ il.* :r 
exist a MKlium car>N>nate, Na,CO„ and a liydni}:i'ii MNlinm iail'<i..iti , 
HHaCO, (** bicarl>unate «»f sin la*'). 

195. Carbon Protoxide (CO), railed alsn carbonic oxide, 
■ay be prepared by ])a8sin^ carlionir arid (•v«r ln'l iIj.i- il 
(C-f-CO, = 2 CO) or by heatiii<j; the oxiib's nt' alnm.st :iii\ • t 
tite metals with an excess of cbareiial. Tlie pis is. Imwixii, 
contaminated with some carl)onic acid. It may )h> piv|iai-«-il pun* 
« follows : — 

B^. 81. — In a flask of about 250 c c cniKuity, jirnvidi-d \\\\\\ a 
Mveiy-tube and with a aafety-tulxj (P'i;^. 41), h*iit . tntly a luixtun- 
rf 6 gnns. of finely-i>owdere4l i>uta8sium fi'mH-yaiiJih' (yrllnw piii- 
iiteof potash) and 40 or 50 grms. of stnn*;^ siilpliurir acid. ( '<>ll<-( t 
^g88 over water and test it as to its inilammaliility. Thrust aNn a 
^jbted splinter into the gas and oljserve that it will Im- r.\tiii;^ui-hi«l. 
Ife reactions which occur between the chfiuirals cmiilnycd will In* 
*^lained in a subseciuent pection (i*ee § 3>s7). 

196. Carbon protoxide is a trdnKjKinMit, ndnrlc^s pis, hav- 
1^5 little, if any, odor; it has never yet been li«|u»lird. It is 
iMaewhat lighter than air, its i^>ecific j^'nivity ImIh^' IJ, >vliil<^ 
1^ of air is 14.5. It is but litth' ^olulde in wattr, and may 
jl* collected and preserved over water without much h).ss. It 
^Ktingoishes combustion just as hydn>gen doo.s, and destroys 

i:H|iiriinal life. Unlike hydrop;en and nitroj^en, liowcv<»r, it is a 

[■■• poisoiL It destn^ys life, not n«*pitiv<dy by mem sulloea- 

or exclusion of oxygen, but by dirifct noxious aetioii. It is 

presence of this gas whicii occasions the ])ecnliar sens;ition 

oppression and headache which is experienced in rooms into 

the products of c^^mbustion have e.seAjK*d fn)m iinis of 

or auihracite. Car}xm protoxide \r xe"^' **^^v•\v \wvvtv\ 
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poisonous than carbonic acid. Much of the ill repute wfai 
attaches to carbonic acid really belongs to carbon protoxide, i 
since both these gases are produced by burning charcoal, xnai 
persons are liable to confound them ; but carbonic acid is, ca 
paratively speaking, almost innocuous. 

197. Carbon protoxide plays a very important part in nuu 
metallurgical operations on account of the power which it p 
sesses at high temperatures of taking away oxygen from ma 
compounds containing that element. Much of the reduci 
action which is, commonly speaking, attributed directly to o 
bon, is really effected in practice through the mediation of t 
protoxide. 

198. Unlike most other combustible gases, carbon pn 
*^-*^- oxide contains no 1 

drogen, and, therefa 
produces no water wh 
burned : nothing but ci 
bonic acid results fromi 
burning. 

Ezp. 82. — To the i 

paratus employed forevd 
ing carbon protoxide in Exp. 81, attach a piece 
small glass tubing drawn out at the end to a fi 
point, and bent in such manner that a stream 
gas may be delivered upwards from this poi 
Light the gas as it flows out of the tube, andh< 
over the pale-blue flame a clean, dry bottle. ] 
moisture will be deposited upon the sides of 1 
bottle. That carbonic acid has been produced 
the combustion, may be proved by pouring a 1 
tie lime-water into the bottle and shaking it alx 
in the gas therein contained. 

199. Combustion. — Now that we hav^ become acquaint 
with carbon, hydrogen and oxygen, and with some of the nu 
important compounds formed by the union of these elemen 
the subject of combustion can be more fully discussed tb 

has been possible hitherto. Tbe mat^nala employed as oo 
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bostibles are, as a general rule, compitinds (if csirNin hikI hy 
drogen; there are some exceptioru to thin ml**, ax wli«-ri tin* 
metal magnesium is bumetl fi>r Ii>.'ht, or tli«* hi-.-itiii;.' of .i -nl- 
phuretted ore is effwrte*! by the ci'Uiliustion nf iu mwh -ui|iiiTir. 

200. In almost all cas*:^ artificial light n'>ult» I'luin tip- in- 
candescence of particles uf sijli«l matti-r, nr nt «l«-ii>«' \.i|M<rs. 
When the heat, which is an invariable afrnnipinlnifnt <>f < In an 
ol combination, can play directly ujion such Milid nr »>iiii M>ii<I 
particles with force enou<|;h to i<j:iiite them, an exhibitlMU nt li-hi 
vHI accompany the chemical change. The hyiln>;:i'n tliiii** ;it 
fads no Hght, or as good as none, because in it iinthin^' Ixit :i 
loghly attenuated gas is heated. But when a .^inlid iMMiy. su« ti 
•I the platinum wire or the piece of lime of § 41, is i»la««'l in 
floB non- luminous hydrogen flame, intense li^ht in railiatcil l'i«'in 
the heated solid. 

Bzp. 83. — Sprinkle fine iron filing:? into the flame i>f an altolin] 
loipjOrinto the non-luminous, flame of the g:L<-lani]>. ami uli<rrv»- tin* 
Bgjit given off by the particles of metal a** they Ufmin' imainliMtnt 
while passing through the flame. Or rub together twu jiines <»f tliar- 
nl above a non-luminous flame, in such numuer that chaix-iKiI pow- 
der shall fall into the flame. 

201. In ordinary luminous flames, such as thoso of can«ll«'s, 
l«nipB and illuminating gas, the ignit(>il snbstaii<'«> is carbon, 
[Viather a vapor or fog of certain carbon compoimds contain- 
[Bgrnore or less hydrogen- 
Ordinary illuminating gas may be defoinposed by ]>a.<*siii|j: it 

fcoogh a tube heated red-hot ; the carbon will sepai-jite, in a lincly- 
t^Wded state, while hydrogen will escape fnmi the tube : or, by j)ut- 
■•g a cold body into a luminous ga»-flame, the. carbon is dejxisite.tl as 
[■wt (see Exp. 68, § 181). This breakinj^: "P <>'' the coni]M>un(ls of 
|*hon and hydrogen under the influence of heat takes place when 
the gas is burned in the air, and if the supply of air furnished Im 
vofficient to convert all the carbon and hydrogen tt> carbonic acid 
water, the particles of carbon which escape unconsunied will 
the flame to be smoky. If the supply of air be excessive, the 
ion will be complete, and no light will be aflonled by the 
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If we unscrew the tube of a common Bunsen lamp (AppcDdh 

§ 5) and light the gas as it issues from the slit (or holes) in th 

lower part of the burner, we shall have a luminous and perhaps effl 

smoky ilanie. When, however, the tube is in its place, the gas be 

Fls* 4X. comes mixed with air which enten lig 

the holes at the base of the lamp, anj 
when the mixture is lighted, the gas J 
in intimate contact with air enough I 
bum it at once, and completely, i 
luminous flame may also be prodnM 
by simply closing the holes at the M 
of the lamp, with the fingers Qr)| 
means of a metallic tube, as represeniil 
in Fig. 42. 

If across the top of the chimney of a lighted Argand gas-bnmi 

which is burning with a low flame, we slip a strip of sheet-iron, flj 

thus obstruct the flow of air, the flame will increase in size, becomU 

more and more luminous, and finally will actually smoke. The amod 

Flff. 43. of gas supplied has remained the same ; d| 

difference in the amount of light is owing t 
the decrease of the supply of air. The muifc 
flame, such as was obtained just before acta) 
smoking began, in which the largest number oj 
particles of carbon or heavy carbonaceous fl 
per are heated, although none of them 41 
heated veiy hot, yields the largest amount flj 
light that can be obtained from a given bumi 
with a given sample of gas. Such a flame, hoi 
ever, does not furnish the light most agreeable to the eyes. 

202. The flames of ordinary lamps and candles are, 8tric(( 
speaking, gas-flames. i 




K 84. — Construct a lamp as follows : To a wide-mouthi 
bottle of the capacity of about 50 c. c. fit a cork loosely ; bore a hoj 
in the cork and place therein a short piece of glass-tubing, Na ! 
open at both ends ; through this glass-tube dniw a piece of knq 
wicking, or any loose twine^ long enough to reach to the bottom 
the bottle. It is essential, either that the cork should fit the botfl 
loosely, or that there should be a hole \n Wi^ corV, \w at^<et nXmjI ^ 



§202.] STRUCTURE OF FLAMES. IJ7 

pFessure of the external air may act ii|niii the Mii-fii<f nf thi- iili-<ili< I. 
— to tbis end a very siiuill ^hif^-tulH; in.-i\ )>c in-i-rtf-l in tin- •••!» .•! 
lunie distance from the tulH.* which rai-rit-s the ^litk. Kill iln- l->;;;.' 
nearly full of alcohol, and, a.ti-r a few luiiiiiti-s tuii. h a li.iii 1 

match to the tr»|> of the wick. The tliiid al«-(ih<ii i« tli.iuii ii] : > i 

the bottle hy force of ca]>inary attroctiiMi i-xriviMil \^\ iln- ]•■ n - < I 

the vegetable fibre of which tin* wick is ciiiii|iiim«1. Winn h. it ;• 

applied to the alcohol at the top of the wick, muiu* uf it i^ mn^. :i- 'x 

into vapor ; this vaix^r then takes tii-e, and, in huniiii^ tiiiiii^ln < In .1 

far the ya{X)rization of new ]>oilionM of the alcohul. Fmih tin- lo^i 

^ of the wick there is constantly arising' a ruluniu i>f ;^.l> <>i \.tiMii, .i:.<l 

!. i^n the exterior of tliiri conical cnlumn chemical i-uiiiliiiiatii>ii i- ;:ll 

I 'tin while going on lx;tween its conrititueuls and the uw^^m ut lin- 

r lir. The dark central portion of the alcohol tlanu* is imthin^^ l>iii .:.' ^^ 

I orvaiK)!". 

Bzp. 85. — Thrust the phosphorus cml of an unlinary lii tiiu- 
natch directly intr) the middle of the flame of tin* a]i-«ilii>l-l.iinii nf 
£xpL &4. The combustiMe matter ujKm the end ot tin- niai« h will 
lot take fire in the atmosphere of carbimac<Mms j^mscs, uI" whi. h tin- 
ttntreof the flame consists; the woo<l of the matrh-siiik, of «iiiii-r, 
tdttsfire at the point wheit! it is in contact with tin- imicr eii^^- i>t 
the flame. The portion of the match in the <-ent]e of the tlaim? 
tmomes so strongly heated during its sojourn within the circle nf tire, 
tlttt it is ready to inllame as soon as it comes in coiitact with tin- air ; 
it is therefore somewhat ditticult to withdraw the match fruiu tlu; 
iune without its taking fire. 

Bzp. 86. — Hold a thin wire (be.st of ]»latinum, thou;,'h iron 
till answer well enough) or a splinter of wood across tlie flame of 
4e alcohol-lamp, as shown in Fig. 44. The wire will Fijc. 44. 
I* heated to redness, and the wood will burn, only at 
fte outer edges of the flame where the gas and air 
■cet; in the interior of the flame, the wire will lemain 
E^Dkand the wood unbumed, for th(*re is no combus- 
ttion there, and comparative!)' little heat. If the wire 
M* snccessively placed at different heights in tht* fljuue 
[lierize and shai^of the internal cone of gas can easily be made out ; 
irill appear, moreover, that the hottest part of the flame is just 
TO the top of the interior cone of gas. As a rule, when glass- 
8ng, or the like, is to be heated in a flame, it should never be 
eed below this point of the greatest heat. 
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When a candle is lighted for the first time, the cotton of which thA 
wick is coniposeil takes fire, and is at once consumed for the moik 
part, but, iu burning, the cotton gives off considerable heat, and aoflit 
of the wax or tullow of which the candle is composed is thereby 
melted and converteil into oil. The liquid oil ascends the wick li^ 
virtue of capillary attraction, and is converted into vapor or gas 
the heat of the cotton still burning at the stump of the wick ; 
gas then bums precisely like the alcohol vapor in E!xp. 84, and 
the heat thus disengaged new portions of wax or tallow are cont 
ally melted. There is always a little cup of oil at the top of the 
of wax or tallow of which the candle consists, and the apparatus is \ 
truly an oil-lamp as if the oil were held in a vessel of glass or 

If the flame of the candle, when the snuff has become long, 
blown out, a current of vapor continues to ascend from the hot 
and this vapor may be ignited some distance above the wick, 
the flame has been extinguished, the wick retains heat enough ftrj 
few moments to distil ofi* a quantity of gas, although there is 
heat enough generated to inflame this gas. To the gas or vapor 
evolved is to be referred the disagreeable odor which is ol 
when a candle is blown out. 

Iizp. 87. — Press down a piece of white letter-paper, for 
instant, upon the flame of a candle until it almost touches the 
then quickly remove the paper before it takes fire, and observe 
Fig. 46. its upper surface is charred in the mat 

sho^vn in Fig. 45. There will be oht 
in fact, burned into the paper, a di« 
of the part of the flame where comhi 
is taking i)lace. It is thus seen to be ril 
shaped in section, and to enclose a .space where no combustioii 
going on. ^ 

203. All flames, which are rendered luminous by incandB* 
cent carbonaceous particles, have the same general stractfll^ 
This structure is best studied in the flame of a candle. ^i 

In the candle-flame four portions or divisions of the flame can * 
distinguished (Fig. 46). First, there is the small blue cup-shap* 
portion of the flame (a h) at the base of the wick ; here a part of ti 
combustible gases coming from, the wick are burned completely, as <8 
oxygen of the air has free access to this piart of the flame. The h^ 
thus produced converts into vapor t\ie oil vf\vvQ^ \X\fe ^Ok. ^;x%:«^ ^ 
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in take place : the oxy;:eii nf iIif air, it i* Inii-, ti-iiilr> In |>.i -. I>\ ■:. 
won, iiitu the iiiteriiir iif tliu auiiie ; liul. ux tufl it- it r\%. ta. 
pproacheiS <t iiit«li) unrlHm uml byiltiip-ii in thf i> 
onion of tbe fiuiue, uii'l taiicrM iniu v<iniliiiiitti<iii i 
neae elenicDls : tlie nitnii^i ui thu uir, hdwi-vi-r, 
iac« freelj iulo tbe iDterJur uf the Uiuiiv, ui-tl in Tm 
liied with the coiubuRlible (^uhlii i>f thu cutiill<- uiid 
rith Bome carbonic acid and iitvaiii, in (br kihu'I! (' 

Tbe thini portion of the fiunu iM the luniiiitnui »iiii- (>/). i 
]«R the coniburtion is iiiuonijiletc i l)ic ;.'iu^ii>ii>i i' 
^Mmds of carbon and h]rdruf,itn oru brnkcii ui> 1>.v hi-ut | 
■to their constituent elcmuntH. The cutIiiiiiik'ciiiih ]iii] 
tjcln are intensely ignited, and bum tu curlioH ]>n 
(oiile by taking oxygen from ttie air, anil al'^ii I'nini tli 
arbonic acid and stenm which ititfure inwanlx Iroiii tli 
Mennost portion of the flojne. 

The fourth portion of ihc flonic ia Ibv (hill, rx-uncly [ii-ni'i'liM'', 
Bon-lafflinous mantle {fef) which nurttiuudH iLi- I'nliri' lliiiiic. llii'i- 
IIk carbon protoxide and bydroj^en bum to i-urlHiliii: arid iiliil i-ti^iiii. 
ttd, as haa alrendy been seen, a port of tlicm' jfi\>i.-* ililfnst' iiiw^tuls 
Md are decomposed, furnishing oxyt^n for I be |Mrti;d <'iinibii>ii»iL "!' 
fte carbon in the luminous [lortion of the Hume. 

204, The principle of the oxy-hyclrogen blowpipe, as hiII 
■I of the ordinary bloat lamps in wbicli nir iuid illiiiiLJiiiilin;; ;:iiij 
W need instead of oxygen and by d !>■;;»■ n, is thi' throwing,' of 
ttygen into the conibustiblo gas so that tin- (cuibuKliiin is in- 
1 concentrated. On the same jirinfiple di-pt'iids the use 
' the month-blowpipo. 

description of the moii lb- blowpipe, we Appendix, § 7.) 
%. SB. — To use the month-lilowpipp, pbice tlie iijMn <ew\ of 
" :tiibe between the IJpH, or, if the pipe ia proviclcil with a iimutli- 
pretiB the trumpet-shaped niniith-piecc nijaiiist Ihe lips; fill Ibu 
with air till the cheeks an- widely rlis(<>ndi>.l, mill inwrt the lip 
illie flnnie of a candle or of ii lump with ii fliit wii'k ; clow; tbe c.ini- 
ition between the lungs iiiul tlie mouth, and fon-e a current of air 
the tube by squeering the air in the month with the muscles 
Dm ebeeka, breathing, in the mean tinu^, T«^W\'j bxi\ «^\>:'Ofj 
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through the nostrils. The knack of blowing a steady streai 
cral minutes at a time is readily acquired by a little practia 
It is pos8i})le with the blowpipe to produce either an c 
or a reducing ilume. When the jet of the blowpipe i 
into the lamp or gas-llame, as shown in Fig. 47, and a stron 

Fis. 47. forced through th< 

blue cone of flam* 
pr(»duced, beyond 
side of which st 
more or less coloi 
cone (a c). The 
greatest heat in thi 
at the point of 1 
blue cone ; oxidat 
place most rapidly at, or just beyond the point (c) of the £ 
vided that the temperature at this point is high enough for t 
substance to be heated. 

To obtain a good reducing flame, it is necessary to pla 
of the blowpipe, not within, but just outside of the flame, an 
somewhat gently over rather than through the middle of 

(Fig. 48). In this 
the flame is less i 
its genei'al charac 
in the former case, 
part consisting of 
luminous cone, con 
quantity of free ca] 
state of intense igr 
just in the conditio! 
ing up oxygen. This flame is, therefore, reducing in its efl 
substance which is to be reduced by exposure to this flame i 
completely covered up by the luminous cone, so that con 
the air may be entirely avoided. 

205. Instead of forcing the air (or oxygen) into the 
fuel, the supply of air may be furnished by means of c! 
Chimneys, whether of lamps or furnaces, are simply de 
bringing an abundance of air, and therefore of oxygen, 
fire ; that in so doing they, at the same time, carry off t 
products of combustion is an incidental adva.nta.'ga. 



Fiff. 48. 
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Ezp. 89. — Li;;bt a piecv of a canfllc H or in r. m. Ii.nu', :»ip| 
itand it upon a Biuootli ta)>Ie ; ovtir thi' f:^i(lli' iilut* a r.iili>t i.>!I, 
BiiTow Luiip-chiniuey (if ^'lass, the liottoiu 1*1^. 49, 

e{ the chimuev beiu*; iiiuili: t«> n'lit iiinui • - 

tile table, and observe that the can<ll'-- 
tune will mon be extin^uishe* 1. N < 1 f 1 vsh 
urcan enter the ehiiiiii«^v frum 1n*1i>w to 
BuntaiD the cbemicul action, ami the 
■til quantity of air which ciiii cn'i'p 

^MTB the chimney from above is al to- 
insufficient to meet the refjuire- 

Hnt8 of tlie case. 

Bip. 90. — Relight the camlle of Exj*. 
^ind again place over it the laiiip-rhiiiinev ; 1>iit instisitl uf all i\v 
!>| the chimney to rest closely ilium tlie Mirfai;** nf th*- lalib*, \*r*']t it 
jipon two narrow Btiipn of w<kmI, h» the air «an h.ivr fn-i- m- 
taMeinto the chimnev from 1k*1mw. The ran«lh' will ni»w miiiiinii' 
tolnim freelv, fur the heavv, coM air oulsiik- will « Mutiiiiiallv pii -^ 
the lower part of the chimney, and iiii.-h nut tiic wnriii. lijht 
||Niliict8 of combustion, and the candle-tlanie will all the whili- Im- 
[■■ppiied with fresh air. 
The direction of the current of air may be shown by plarin;: a 
of burning " touch -pajier" at the ffH)t f»f the rhimncy. Ti»uib- 
is made by soaking ordinary brown pa|HT in a .-tron^ snliitiun 
^potaBsinm nitrate, and then drj'ing it. On iN'in^ li;^dit«'d, the paprr 
without flame, while emitting (donds of sninkc. 

^- 9L — Repeat Exp. 90, and when tin* «*andb' is ImniiiiL^ 

ty, cover the top of the chimney tightly witli a ]»i«'i'(» uf tin (»r 

^iron, or with a strip of wimlow-glass ; llu* caiidb* will snnn 

to bum precisely as if the chimney were closed at the boitum, 

ithe escape of the hot protliicts of conibustinn being pivventtMl, 

'Brcanpass into the chimney to reach the candle-lbuiie. 

^» by inducing the current of fresh air (Exj). !K»), or drauglit, 

I* tt ordinarily termed, that chimneys are sju^-ially useful. Thitiugh 

drimney the hot air from the lamp Ibnvs straight forwai-d and 

ly, and, of course, a correspondingly direct and raj)itl cuiTent 

air presses in to supply its place. Owing to this power of 

ly supplying air, chimneys are employed upon lamps burning 

and other highly carbonized oils which are liable to smc^ke. 

92 — It is not absolutely necessary t\\at Wv^ It^"^ ^x 
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Hhould flow into u chimney from below. Divide the upper put 



/ 



/A \ 
ft 




Fls. SO. the chimney uf Exp. 89 into two 

by hanging in it a strip of sheet-iron or 
u« a partition at the centre of the 
(see Fig. 50). Place the chimney 
divide<l over a burning candle, and ol 
that the candle will continue to bum ai 
in a Hti-ong draught of air, although no 
—J. can enter the chimney from below. Hok 
// \Aw.(i of burning touch-paper at the top 
li the divided chimney ; the smoke will 
drawn down into tlie chimney on one 
of the partition, and thrown out again 
the otliiT, 08 indii'ute<1 by the arrows in Fig. 50. It appears 
tliis, as wi'11 lis i'n»ni the ti^*mulou8 motion of the flame, that a ci 
of cold air i>ni»so8 down u])on one side of the division wall and 
plies lliu ivt[iiiivd oxygen. 

2()G. Kindling-Temperatiire. — In order that any conil 
ble substance bIisiII hwYU^ or, in other words, in order that 
ch<'niical action shall occur between the combustible and 
oxy^'cu of tlici air, it must iirst b^ heated to a certain tem] 
tnn^, and then kept at that heat. The temperature at wl 
any substance takes fire is known as the kindliliy-teinpt 
of that substance. 

Ezp. 93. — Place a small bit of phosphorus and another of 
phur, not in contact with tbe first, upon a fragment of porcelain 6 
8 c. ni. across, and heat them slowly over the gas-lamp ; the pi 
phorus will soon take fire at a temperature of 68°-70°, butthesulj 
will not inflame until the temperature of the porcelain support 
risen to about 250°, as can l)e ascertained by the thermometer. 

As was just now said, the degree of heat necessary to start 
fire must bo kept up continually, or the fire will go out. Whc 
ever burning bodies are cooled below the kiiidling-temperat 
they are extinguished, — the chemical action which occasioii04 
the appearance of heat and light ceases. 

If we pile up upon an iron grate, thick in metal, and supported ij* 
fiuch manner th&t air may enter beneath it, ssev^iTaY \^\fec^ of red-hcK 
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x»al, the charcoal will go on burning until ni*arly nil fif it ha^ 

consumed, for the heat generatt'<l t»y the i-omhiiMinn (»f thf |H.r- 

> first burned keeps up the tempemture netreniMiry t4i kirn tic th<* 

squent portions. If, however, we watter almul u)m>ii a ruM ^^mti* 

ul small pieces of red-hot chaiv<Nil, takin;; care that uo twu 

(S of the coal shall c(»me in contact, i>r Ik* plai.-itl mi ai* to heat ntii* 

fier, each of the pieces of charcoal will WH»n cwisi' to liurii : U*t 

netallic grate is so gooil a conductor of hesit that it ri*niovc^ hc.il 

the isolated pieces of charcoal more rapidly tlian tlun^tr can pn>- 

it : the temperature of the charcoal ii», coUi»e<[UeiitIy, s«miii ru- 

d to below the kiniUing-point 

37. Precisely as coals can lie extinguished by placing them 
1 cold metal, so flames may be put out. 

Kp. 94. — Upon a ring of the iron-stand [ilace a sheet of cK-an 
-gauze about 10 c. m. square ; lower the ring so that the gsiu/e 
I be pressed down upon the flame of a lamp or candle almost to 
prick, as shown in Fig. 51. No flame will Ix; seen above the 
e, but instead of flame a cloud of smoke. ri«. 51. 

gauze is a mere open sieve ; there is nothing 
tt it which can prevent the gas, which was 

now burning with flame above tlie wick of 
candle, from passing through. Indee<l, it 

be seen from the smoke that the iwirticles 
carbon which, in the original undisturbed 
te, were becoming incandescent, and so affording light, do now 
tally come through the gauze. 

"he explanation of the phenoinenon is simply that the metallic 
reconducts away«o much heat that the temperatui-e of the candle- 
fte is reduced to below the kindling-point. Tliat this is really so, 
provefl by the fact, that after the gauze has become sufficiently 
ted by long-continued contact with the flame below, — after it has 
anal the kindling-point of the candle-gas, — it will no longer 
tinguish the flame. In like manner, a candle-flame may be cooled 
Rich an extent that it will go out by placing over it a small coil of 
Id copper wire, while, if the wire be previously heated, the flame 
H continue to biini. 

K the smoke and unbumed gas which has passed through the cold 
tB-gauze be touched with a lighted match, and so brought to the 
ming^-teniperature, it will burst into flame. 
12 
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The power of wire-gauze to prevent the passage of flame has b 
usefully applie<l in several ways, notably for the prevention of exj 
pions in those coul-niiues which are liable to accumulations of mai 
giis (§ 215). For this purpose safety-lamps are constructed by end 
ing an ordinary oil-lamp completely in wire-gauze, so that the fli 
within the gauze can not kindle any combustible or explosive 
into which it may be carried. In case such a lamp be carried in< 
place tilled with explosive gas, the latter will, of course, pass i 
tlie lamp through the meshes of the gauze, and bum within the c< 
This combustion gives warning of the presence of the danger 
gas, and indicates to the workman that he should withdraw from 
locality : the gas can then be expelled by appropriate methods 
ventilation. 

Ezp. 95. — Beneath a sheet of wire-gauze resting on a ring of 
hunp-sttmd, j)lace an unlighted Bunsen's burner, at such a dista 
ri«. 5S. that the gauze shall be 3 or 4 c. m. alK)ve the top 
the lamp ; turn on the gas and light it above the wi 
gauze : it will continue to bum on top of the gauze 
an indefinite period, for the gauze will, in this a 
always be kept cool by the cold gas which is contti 
ally passing through it. Carefully and gradually 
the ring which carries the gauze, and determine b 
far it is possible to lift the gauze above the gas-jet wi 
out extinguishing the flame. 

An efiect somewhat similar to that produced by wire-gauze is of 
seen in ordinary fires. When a mass of red-hot anthracite, chare 
or coke is burning freely upon a grate in the open air, there is alw 
a blue flame of wirbon protoxide burning above the coal. This 
results from the reduction of carbonic acid by means of hot carb 
Air enters at the bottom of the grate and combines with the hot c 
which it finds there to fonn carbonic acid, COg. This carbonic a( 
as it rises through the hot coal in the middle of the fire, is depri^ 
by the heated carbon of half its oxygen : CO^ -[- C = 2 CO. 1 
carbon protoxide being combustible, will at once take fire on com 
in contact with the air, provided the temperature at the sunu 
of the fire be equal to the kindlinjjj- temperature of this gas. But 
the temperature of the fire is in any way reduced below this point, 
for example, by throwing on too large a quantity of cold fuel, wh 
is, of course, equivalent to covering the fire with a sheet of wi 
gauze^ then the carbon protoxide will be extiu^uished, and, escap 
into the chimney, will produce no useiul eR^ct. 
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CARBOy BISULPlUhR. 






208. Carbon and Solphnr. — Carbon biinlphide (C8,) i-t 
interesting from its corresi>oii(lence to carbonic anhydride. CO.. 
and fonns another ins«tan<:e of tlie anjili»;:v IhIwii n tli^- •■ im 
pounds of oxygen and sulphur, (.'arhon )>isul|»hiilt' i^ i>ii iiii>l 
^bypassing the vajwr of sulphur ov»t ifil hot ilian«";il. It i- i 
^colorless, strongly- refracting liquid which IxiiLs at alMiut .'• 1 mA 
^evaporates rapidly at the ordinary teni|)enitun* of tlic air. It 
I'fossesses an ethereal odor when puritieil, but the funinniii l>i>Ml 
le has a peculiar and very disagnM*ahh* sniill. It i^ \iiy 
unmable and bums with a blue ilanus the ]>nNliirt nf tli<' 
combustion being carbonic ami sulphurous anhydrides. It is 
used as a solvent of phosphorus and t^ulphur, and is (iMpIny«d in 
[the cold process of vulcanizing caouti'lioutr. 

Ezp. 96. — Into a small beaker or watch-j^lass jmt two tt-aspixin- 
fiikof carbon bisulphide. Set the glasd up<Mi a wi't pit-i-c ol' wdihI, 
'indby means of a glass tube direct a ounvnt of air from tin* lunvr>, 
from a pair of bellows, acn)$8 the suriace of the li<[iiid. Tin* 
.volatile carbon bisulphide rapidly evaporates, and in >o dttin^' pm- 
such an amount of cold, that the ghiss will 1h' fro/m to tin* 
^'•wd. This experiment should be perfornieil wlicif then* is a ^^'uml 
rfanght of air, and out of the neighborhood of any lighted lamp. 



CHAPTER XV. 

CAEBOK (continueil). 

209. Carbon unites with hydrogen, oxygen or nitrogen, or 

[,lltii two of these elements, or with aU three of them, in tho 

varied proportions. A great number of dillerent com- 

ids are thus formed, some of them being extremely com- 

Sinco many of these more complex compc^unds of carbon 

•air ready formed in animals and plants, or are produced by 

J transformation of substances derived from these sources, 

>y are usually classed together and studied under the head of 

^gBido Cbemistry/* 



138 METHYL HYDRIDE OR MARSH-^AS. [§ 21& 

215. Methyl hydride forms a very consideiable portion d 
ordinary illuminating gas made by distilling coal ; &om bodm 
varieties of bituminous coal, it is disengaged at the ordinal] 
temperature, and forms the " iire-damp " of coal-mines ; Kb 
hydrogen, it forms an explosive mixture with air, and the es 
plosion of this mixture in badly-ventilated mines is often th* 
cause of frightful loss of life. The gas may be prepared aifi 
ficially as follows : — 

Ezp. 98. — Mix together two grms. of crystallized sodium acetate 
4 gnus, of caustic soda and 8 grms. of slaked lime. Heat the mil 
ture gently upon an iron plate, until all the water of crystallizatiof 
of the acetate has been expelled, and the mass has become diy vd 
friable. Charge an ignition-tube 20 c. m. long with the dry powder 
Fiff. 03. heat it above the gas-lamp, ad 

collect the gas at the water-pa$ 
Mnrsh-gas is evolved iix)m the mix* 
ture, at a temperature below red 
ness, and a residue of sodium car 
bonate is left in the ignition-tube 
The purpose of the lime is to rett 
der the mass porous and infusible 
or nearly infusible, so that the tub 
may be heated equably. The le 
action may be represented as follows : — 

NaCjHgO, + NaHO = CH^ + Na^CO^ 

Dry sodium Sodium Marsh- Sodium 

acetate. hydrate. gas. carbonate. 

216. Marsh-gas is transparent, colorless and little more tha 
half as heavy as air. Next to hydrogen it is the lightest kno^ 
substance, its specific gravity being only 8. It takes fire readi] 
when touched with a lighted match, and burns with a birds, 
yellow flame. 

217. That marsh-gas really contains hydrogen and carbc 
may be readily proved by bringing into play, under appropria 
conditions, the strong affinity of chlorine for hydrogen. 

Ezp. 99. — Fill a tall bottle of at least one litre capacity wii 

warm water, invert it over the water-pan, and pass marsh-gas in 

7^ until a little more than one-third of the water as diss^lafied ; cov 
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ottle with a thick towel, to exclude the lij^ht, and tlicn fill tlit* 
f the bottle with chlorine. Cork the iMittle ti^^litly. auil *>haki' 
diously, in order to mix the guHcs ttigether, kc«*pinf; thi* h itilr 
s covered with the towel. Finally, oi>en the buttle and apply a 
to the mixture. Ignition takes place, chlorhydrir lu-id i^ pm- 
, while the sides and mouth of the bottle lM.v(»nitr tuittiil with 
earbon in the form of lamp-black. The prefienrt* nf \\\i- mid 
je proved by the smell, by its reaction with nitu-trncd lilm- 
i-paper, and by the white fumes which nre p'nemtfil wln-n .1 
oidtened with ammonia-water ia bn»u<{ht in contut-t with th<* 
ng acid gas. 
Chloroform (CHClJu — When chlorine ia nllnwiMl tn act 
ou marsh-gas, there is formed, besides riirlN»n ([u:t<li-ii-lili>riili' 
I, a compound having the formula CHCl^ and ml hi I thlon*- 
Chloroform (CHCl,) may be regan1e<l &s niarhli-;;us in which 
atoms of hydrogen have been replactnl by thiti- at<>ni> of 
ne. It is manufactured in practice by distilling diluti* alcohol 
'chloride of lime." Water and chloroform come off togithcr, 
> not mix in the receiver : the chloroform, K'ing the heavier, 
to the bottom, and maybe withdrawn and purified. (1ilon>- 
A a colorless, volatile liquid, the va])or of which when inhale<1 
temporary insensibility to pain, and on this account it is usitl 
gical operations. 

). XllnTninatiTig Gku. — The principle involv(?d in the 
facture of illuminating gas has alroady boon illustrated 
ps. 65 and 66. Illuminating gas is ordinarily pre])un*(l by 
ing bituminous coal ; other substances nimle up wholly or 
rt of compounds of hydrogen and carbon, such as wood, 
sin, petroleum and even bones, are sometimes used. Fig, 
ows in a general way the processes involved in the manu- 
e and purification of coal-gas. 

! coal is introduced into the retorts, C, Which are cylindrical 01? 
ylindrical tubes of clay or iron, arranged in sets of three or 
r even more, and heated by a coke fire buniing on the grate- 
i. All the products of the distillation, except the coke which 
IS in the retort, are volatile at the high temperature employed, 
ass up the vertical pipe, T. The relative proportions of these 
ets, and to a certain extent their character, depend on the 
r of coal employed, and on the temperatwre a\i v^^**^ ^\\a Im^ 
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tillatiou takfs j»1juv : it may, huwi-viT, U- m;iji! in ;.'ti!ir.il ti-rm- il.it 
tlie^i; {ir«Hiii(-t>, whfii r«N)|cil tn tilt' iinliiiaiv ti iii]Hr.tii,ii , .ti. •.: 'iii.. 
kiii(L<, — sit] ill, liijuiil iiiid ^as«Mius. 
Th(.' ti>i.<m i»l»t<iimfil 1>v thir diHtillatinii d' •-•i:il ai>- in u h i-. 

V ft 

oK'ti(int-;:.'u« (^ '27i\}), i';U'1m»ii |iri4i»xiiU', i.-arlMinjr ui iil. Ii\>iiv'< ii. ii't" 
gen. ut[iienu^ vapor iUi<l Iiydni^r;*'!! Milpliiilc ; lln* lii[inil |M>tii<'ii ■ I (■.• 
di^tilliito consists of uii .'u^uimius Huliitiiui mI' jiiiiiiinniinii • .ni* ■;. .!• . 
iHilpliide ,'iihI sulphiM'vaiiidi*, tvrtjiiii liipiiii li\<in»i-.ti)i<'h-. -u ii i 

Leuzol, toluol (rtc, wllirh will U* runsjili'l-i-il lii-|i':itli l (^ J'il). lit I -^ 

iemi-li<|iiiil or viM*<)us tar. The* miHiI jiMiIiii-t «•)' tin- ili^iilLiij-:! ••: 
coulis the '■'*/•/.• left ill the n-turt. 

lutlu' priNluctioii ('t';^^ts all tht* voliitili* |ir>Mlu' t^ ■•!' tin- 'li<tii! .:. u 
pMi|t thr jiijK.s T, wliich is rurviMi at its ii|i|mt i'\liiiiiii\ . ..;:'i ';:i- 
intu water in the " hyrlniulic iiiain," It. In thi^ \\:iti-r a ik-iii -i. "t 
the t;ir iiiid aipicdus vupor is cothUmimiL ami the atiiiiniiiiai.il -ilt iii . 
in Jijiit, dissolved. The g!U< thru {»)t-«s4rs allfrii.itt-ly up .im<I '\-\\\\ 
^^%i\ tlu' cindin^ pilH-'iS, D, called the "riindi-n-i-i-."" .-iu>i .:!■ i • 
fuitlKi- ciiudrusution, the ivinainiii;^ tar and tlu' li<{uiil livdi>» .n l>..:j> 
WugdejioMted. The gJis is oftim furtht-r puiitiril l.\ p;i--in_: lli:-"..ii 
« lowtr. (), filled with fragments uf cukr, umt vvliii li u.j-i tii- ki« -, 
ui€ water ahsorbing the ammoTiiaral wdts Mill pn-scnt. '\'\\*- -.m Hi- fi 
I*^ through the purifier, M, when? it i-oim-i in ««iiit.i- 1 with -liUi d 
'Jnie and is freed from hydntgi-n sulphid*- and im"-i -d' ii- iMilfiii- 
*i'l. and thence into the gas-holder, ( J. Tin- linif in tin- puiiti-i- i- 
winc'timcs replaced wholly or in j»art hy dry I'lTrii' liydi;it«-, whiii 
fetaius the hydrogen Bulphido. 

220. After purification, tlu^ ga.s as (hdivrp-d t" tli»' (■•m^nnii'i 
cua<i!?t.s mainly of niarsli-gas, .hydrnLr«'ii and ("irlnin prnii.xjilr, 

(■^the marsh-gas usually amounting tu alniut nni-tliird ]>ai-t 
•^f the whole gas. These non-luminous, or v<'iy ri*«d)ly lunii- 
nous j^ses, serve as carriers of tin? six <»r seven per cent of real 
Mit-producing ingredients whicii are contained in tin' ^'as. 
inis mixture of light-giving ingredients is exceedingly complex, 
riit vapor of benzol, no (h)u]d, jdays a ])ri»niin»'nt part ; some 
^Hho hijrhor nienihors of the inarsh-<ras series lend their aid, 
*i"l a liydrocarbon of (•.()m])ositi(m CH^, called aceiyhMU', is 
i^|K)rtant and very gen<»r.dly ju'esent. Sometime.s a little, (d<di- 
^t gius (C^^) is ]>m<f'i}t, Imt the ohl view, Uvat Uvlft substance 
^ust/tutc'n the chief hnninithrous ingredient oi eo^-^v^J^, \^ \\vi 



142 MARSH-OAS, — PETROLEUM. [§ 221 

The coal-tar obtained as a waste product in the gas manufacture i 
a very complex substance. Among other substances it contain 
benzol, useil in the manufacture of aniline colors, and aniline itseL 
in very small proportion ; from it is obtained the pitck used as a rooi 
ing material and for sidewalks. 

221. Marsh-gas is the first of a series of hydrocarbons 

each member of which differs in formula from the precedin 

one by CH^ This series may be arranged in tabular form, a 

follows : — 

Marsh-gas Series. 



Name. 




FommUL 


BoUb at alxn 


Methyl Hydride, 


, or Methane. 


CHs,H = 


CH« 


[a gas] 


Ethyl 


(« 


or Ethane. 


CiA.H = 


C3f 


[a gas] 


Propyl 


(« 


or Propane. 


0,Ht,H = 


CA 


—80'* 


Butyl 


(< 


or Butane. 


C4H^H - 


C4H10 





Amyl 


(« 


or Pentane. 


CtHibH = 


CsHit 


30 


Hezyl 


<< 


or Hexane. 


CtHii,H = 


CfiHu 


60 


Heptyl 


<< 


or Heptane. 


C7Hi5,H = 


O7HH 


90 


Octyl 


<< 


or Octane. 




CtHis 


120 


Nonyl 


t* 


or Nonane. 


CsHi^H = 


C9H30 


150 



It will be observed, that, while each member differs from the pr( 
ceding one by CHg, there is a difference of about 30" in the boi 
ing-points of successive members. Many of the hydrocarbons of thi 
series occur in the " coal-oil " obtained by distilling bituminous coal 
and shales at low temperatures, and also in petroleum. 

222. Petroletun (literally, rock-oil) is a not uncommon natun 
product found in various parts of the world. In some cases i 
rises to the surface of the earth, but it is generally obtained h 
sinking wells into the rock strata in which it occurs. On thi 
continent it is already found in large quantities in Pennsylvani 
and in Canada. In some of the wells the oil rises to the su: 
face, being- forced out by the marsh-gas which accompanies it 
in other cases, the oil doe* not reach the surface, and must b 
pumped out. 

223. Petroletun is a thick, greenish, oily liquid of somewha 
varying composition. The Pennsylvania petroleum is mainly 
mixture of hydrocarbons of the marsh-gas series from C^Hj^^ t 
Cjai^, together with other hydrocarbons of high boiling-poin 

belonging to the so-called olefiant gas senea (^^ 259^ Marst 
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METHYL HYhRH^K ALroi/oL, 



ll.'i 



gas itself, as has been stitod, arrDinimnicH ]M*tn>IcMiii. .-mil iii 
some localities it issues from t\w ^nmiid in sm-h l.ir.'t' i{M:iMlitii"4 
that it is used fur illuminating; l>ur]>wsrrt. Tin- t<iwn **t' ]•>••■ li'iii.i, 
in the State of Xew York, hut» thi|^ b<*c*n sii])|)lic<l with n:ituril 
gaa for some years. 

^. Just as marsh-j^ was reganlcil oh tlu' hydriili* **{' a r:i'li>-.il 
methyl (C?H^, so the other menilnTs of tlu* M-iii's may In- iij.U'li'l 
18 hydriiles of other radicals, etliyl (CjHJ, jiMjjyl (C^.). .-i- . 
These radicals are univalent (§ 154), and when tliry ah- ulitaiii* i( in 
ftefree state, they form moleruliM huilt «>n th«* ty|H* of fifi- liy.lii-:..v:i 
W: thus free ethyl is (C^^),. BoHides funiiiii;,' Imlriili-.. iln-i- 
■dicals enter into a varii'ty of other conijMmn<ls in whirli tlpy if 
iffcce hydrogen atom for atom. Among ihfst.* ruiiij)ouii«ls aii- iln- 
iydrates. These hydrates are fonne<l on th« tyiM* of watt-r anil mi n- 
ipond in fommla to the hydrates of mMlium and jNitassiuni, Ituilics 
■heady somewhat familiar. 



Water. 



Fotaasium hydrate. 



H \ " 



; Re hydrates of these radicals may l)e obtained from th*^ hydridts in 
imnewhat indirect manner; they are, however, onlinarily obtaiut'd 
other sources, as will appear hereafter. Ethyl h y d nit i • is on I i n ary 
lol (the formula, (C^^) HO, representing the Htr<>ng»'st or ohnn- 
alcohol). We now proceeil to leiim somctliing of the prrj>aratinn 
properties of this im^iortant derivative of one of the niL*nibtfrs of 
marsh-gas series. 

225. Alcohol (CjHjjHO). — When the juic-cs of ])lants (.r 

fruits containing sugar, such as the juice of the grapo, are 

for some time at a temperature of 20°, a i)eculiar change 

tes place. The liquor begins to wrn-ky bubbles of carl)(>nic 

(CO,) are given off, and it will be found, iinally, tliat tlio 

taste of sugar has disappeared, and that tlie solution now 

a new smell and taste ; by the fermentation, the sugar has 

converted into carbonic aciil and alcohol. The same 

ige may be brought about in a sim])le solution of grape- 

under the influence of yeast (Exp. 79, § 193). 

^mmtifia collection of org&nized bodies, a sort oi tvxrv^xa ot \q^ 



144 YEAST, — FORMATION OF ALCOHOL. [§ 22 

fonii ()! vegetable life. This fungus is made up of cells which gro 
uii<i multiply iu the fenueiiting li(|uid, and its existence in a liqa 
seems to l>e a necessaiy condition of fermentation. The apparent 
8|K>ntiine(ias fermentation which takes place in the juice of fruits 
explained by sup]>osing that the «/>ortf« or germs of such a plant a 
intrtMluced from the air, the decay of certain albuminous matten 
the jiuce furnishing favorable conditions for the reception agd grow 
of the fungus. 

22G. Alcohol is a colorless, volatile and inflammable liqtii 
lighter than water and capable of mixing with it in all pi 
portions. 

The volatility and inflammability of alcohol have already bo 
illustrated in Exp. 84, § 202. The production of alcohol as a lesii 
of fenuentation may be illustrated by a repetition of Exp. 79, § 11 
under somewhat difl'erent conditions, as follows : — 

^^^' Ejcp. 100. — Dissolve 30 grms. of gi« 

sugar in 400 c c of water, and with t 
solution fill a flask of 350 or 400 c 
capacity nearly to the neck. Add ti 
or three teaspoonfuls of finesh brewers' 
bakers' yeast, and then connect the fit 
with a bottle filled with water, as repa 
sented in Fig. 55. Put the whole ap( 
ratus in a warm place. Fermentation will soon set in, and bubU 
of carbonic acid will l>e seen rising through the liquid. As this g 
collects in the upper part of the flask, it will pass over into the snu 
bottle, and force out a corresponding amount of water. When t 
bottle is fidl or partly full of the gas, remove the stopper, and pro 
the presence of carbonic acid either by means of a burning mati 
which will be extinguished (Exp. 7G, § 190) or by means of lime-wab 
which will be rendered turbid (Exp. 73, § 188). Allow the liquid 
the flask to remain in a warm place for about 48 hours, when t 
sweet taste of the sugar will be found to have wellnigh disappeai 
as the sugar will have been converted mainly into alcohol and « 
bonic acid. 

This experiment may be performed equally well by substituting 
or 50 grms. of sirup for the 30 grnis. of grape sugar. 

227. To separate the alcohol irom tW Wqvvvi \w ^Idcb it h 
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Flff. 66. 



irmed by fennentation, the liquid is 8ti}»jt*('ti'<l to diNtilla- 
The boiling-point of alcohol \a ubotit 20** Inwrr than that 
}r, and consequently all the alcohol will )m* tnuiul in the 
rtion of the distillate. By sevurul 8uccf*j>sivi* dit»tillatioiiH 
>hol may be obtaine<l nearly pure. 

101. — Pour off one-half of the feniientiH) lii|Ui)r of Kx]». KM), 
rve it for Exp. 106 ; with the remainder pnK-(te<l w^ follows : 
the flask on the iron lanip-stand, and, by nieann of a dfUvrrv- 
No. 6 glass, connect it with a secoml flu.<k cai».d»h» of holdin;: 
i of the liquid and placed on a wat«*r-bath, oh reprenentitl 
56. From this 
lask a delivery- 
arried to a small 
pt cool by im- 
in cold water. 
I liquid iu the 
lask, so that it 
Is : the vapor of 
together with a 
mount of steam, 
nto the second 
ich is kept just 

le boiling-point of water by being supported on the water- 
which the water barely boils. At this temperature a con- 
j portion of the alcohol, together with pome water, ])aftse8 
> the third flask, where it is condensed. Continue the opora- 
il about one-third of the licjuid hiis passed out of the large 
?he liquid obtained in the third flask is a dilute alcohol ; the 
ilcohol is distinctly perceptible, but the alcohol may not be 
lough to burn. In that case sui)port the third flask on the 
ze over the lamp, and connect it by means of a deli very- tul)e 
•ther small flask, which is kept cool. Heat the contents of 
gently until they just boil, and transfer the first teaspoonful 
[uid which condenses in the cooled flask to a porcelain dish, 
tperiment has been successfully conducted, the alcohol thus 
will be strong enough to take fire if a flame be brought into 
vith it. 

ilcohol obtained by successive distillations of a dilute 
7 liquid still retains a certain amou'^' '^ ^^\«t, Tbi& 

13 




U6 FRACTIONAL DISTILLATIOy. [§ 

water ma; be removed by adding quick-lime, a substance it 
has a great attraction for water, and distilling the mk 
Alcohol perfectly anhydrous is called absolute aloohoL 
posed to the air, it attracts moisture. Ordinary strong alt 
contains about 10 per cent of watei. 

228. £ip. 101 affords an excellent example of what ia kuoi 
fractional dlatUlatioa. When the boiliiig-poinU oF Reveral lii 
differ by a considerable number of dt^rees, they may thus be 
rated from each other in a tolerable state ot purity by observini 
temperature of the boiling liquid and collecting by'themselve 
successive portions of the distillate which come off within u 
narrow limits of temperature. In operating "'ith very volatile lit 
it is well to interpose a cooling apparatus between the retort, or 
and the receiver. Fig. 57 contains a representation of the so-i 
Liebig's condenser alluded h 




The manufacture of burning oil from crude petroleum is an 
example of fractional distil latitin. When petroleum is distillei 
first portion of the distillate consists of very volatile hydroca 
known by the general name at naphtha. The less volatile compi 
which next follow form the " keniaene tnl' or "pelroteum oil" ot 
merce. The frightful accidents arising from the use of kerosei 
due to the fact that tlie oil is often imperfectly freed from, oi 
posely adulterated with, tbe more volatile and inflaminable h 
carbons. All these volatile hydrocarbons in the stftte of vapor 
explosive mixtures with air ; and Bucb esipVw 



I n be (ormni iu ¥isk1> or In Ump* only (KitUllv full of tbo vnlaiitc J 



A loodiGcMion of litis proce^ ■fraotloiMl o 
n coniiJete aepoi-atiim. In tliU jiricna ilu.' v.i[iiir>t, ufurr Imvitig I 

# upwanU tUrttUHli m» hiv«rl«l " wuriu," lliv [41U[ipm> ■ 

is ai> tfguUtuI ihul lli« Iffh vulnlilu bwliM a 

BDilciued, mill Mj luniio U> (low ti«i-l( iiito tiie rvUiit ; whiU I 

hvubitile vugnirH }.'ii Inrnnn!, miil lU'.* uhikLumiI in Uib iuiia|j 
pin •jiprupiialv receivers. 




L 



_22i). Alcohol s m 1 used in the nrta I fomu the has 
Hntnl an 1 (I et lis 1 1 q (ini t s e [ luyeil a 
, and vheu ni xe 1 witl b nzul o 1 f turpentma o 
ubons for the pro luct on uf 1 },ht. It 3 alsil 
Vbs a solvent t disaol es many suhstanoet 

I ojla, whch an? soluhle n water th a sh llic-vap-.l 
^ fdcohohc solut on of a pecul ar rea kn n as ahollao ^ , 
tret of pharni y are al hoi sol t n f n eil 

e formula f absolute alooho CH,0 I !« re -anl 

S been saiO. iw ii liyilrult of ibi: iwliivil ftliyl (C^,). and n 
ritten (C^J BO. vis nifolml ia ii liyilrulc o*! e^'h-jV,*!! 'Ooa 
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ore hydrates of each of the radicals of the marsh-gas series (§ 221 

thus : — 

Boiling-po 

Methyl Alcohol is CH^HO or CH^O, 66.5o 

Ethyl " " CA HO " CaH,©. 78.4 

Propyl " " cXrHO " CAO> 97 

Butyl " « CAHO " C^^O. 116 

Amyl " " CApHO " C^O. 137 

Etc. 

230. Methyl Alcohol (CH,,H0) resembles ordinary (eth 
alcohol in being a light, colorless, inflammable liquid. It res€ 
bles alcohol also in its solvent powers, and is used in its stc 
for many purposes, such as dissolving shellac It is prepared 
the destructive distillation of wood (§ 282), and ordinarily o 
tains certain impurities, which give to it an empyreumatic od 
It is conmionly known as wood-Spirit. Methylated spirit 
ordinary alcohol, to which a ceirtain amount of methyl alcol 
has been added ; this addition does not interfere with the use 
the alcohol for many purposes to which it is applied in the si 
but renders it unfit for drinking. 

231. Amyl Alcohol or Fusel Oil (c^Hj^HO) is a color! 
liquid of disagreeable odor. It will not mix with water, and 
not readily inflammable. It is formed in the manufacture 
brandy and whiskey from potatoes and grain, and, as it '. 
a boiling-point much higher than that of ordinary alcohol, 
may be separated from alcohol quite completely by the metl 
of fractional distillation. Fusel oil bums with a somew 
smoky flame, and is principally used for purposes of illumi 
tion. 

232. Ether. — When a mixture of strong sulphuric acid i 
alcohol is heated in a I'etort, there distils over vnth. watei 
highly volatile, inflammable liquid known as ether. The di 
late, which must be condensed in a well-cooled receiver, s( 
rates into two layers ; the ether being almost insoluble in 
water and lighter than it, forms the upper layer, and may 
drawn ofi" nearly free from water. The last portions of w 
are removed by allowing the ether to stand over quick-lime, 

t/ien distilling. 
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The leacdon between the Hulphuric ucid iui«l ulo>hul iiuy In* np 

resented as taking place in two Btu;;L*s : — , 

(1.) (C^^^HO + H/IO, =-- H,CA'80, + H,0. 

Alcohol. 8ul|»hurit: Ilyilio^'c:! Klhvl W.ii.r 

ai'ifl. suiph:itf. * 

(2.) H(C^^O, + (C,H,)HO - (C,H.>,0 + H,80.. 

Hydroi,'en Ethyl Ahohol. Kthrr. >iili.li«.ii' 

sulphate. «• >•• 

The alcohol and sulphuric acid are mixwl in (*<iuivali-:it prn|...i- 
tioDs, and as the water and etheB»distil uir, th»j h>s.H i> suppli«- 1 l»v a 
•beam of fresh alcohol flowing slowly, hut without inw-miptinii, ini-i 
tke retort. The operation thus g«xis \m cuntinuouHly. 

Ezp. 102. — Into a snmll test-tulx; put 10 iln^M* of <»nUnarv al.n- 
kdandas much strong sulphuric aci<l, luid heat tlu* niixtuiv >;«iiil> 
«ver the lamp. Ether will be formed, and may U- recogiiiztMl l.y its 
peculiar odor. 

The student should never attempt to iKTfonn any rxiMiinii nt 
ttquiring more than a very minute «|uantity of itln-r, sine** it is 
%hly dangerous to work with this substance on account of its j^'nat 
Tolatility, and ready inflammability. 

233. Ether is a coloriess, very mobile, volatile liquid : it pos- 
Wses a powerful odor, and, when inhaled, produces insensibility 
to pain; hence it is used in surgical opemtions. The va]>or of 
ether is very heavy and exceedingly inflammable, and in certain 
proportions forms an explosive mixture with air. 

Brp. 103. — Pour a small quantity of ether into the palm of the 
liwid, and observe the rapidity with which it evai)orates, and also the 
wU produced by this evaporation. 

Bzp. 104. — Into a tumbler or other very wido-mouthed vessel 
pttt a few drops of ether. Cover the vessel loos(dy, and allow to 
*and for a few moments ; then bring a lighted match to the mouth 
<rf the vessel : the heavy vapor of ether will have disi)laced the aii * 
^ the vessel, and will take fire at the mouth of the vessel with a 
•odden flash. 

234. Ordinary ether {(CJR^fi) is an oxide of the radical ethyl 
(C^j). The corresponding oxides of the other radicals of the 
Bi^arsh-gas series are classed together under the general name of 
ethers; thm : — 
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Methyl oxide or Methyl Ether is (CH^,0 or C^O 
Ethyl " " Ethyl « " {Ofi,)fi " C,H^O 

Propyl " " Propyl « " (C^,;,0 « C^„0 
Butyl " " Butyl « " (C,H,),0 " C^O 

Etc. « 

As these hydrocarbon radicals, methyl, ethyl, propyl, etc., unil 
with hydrogen to form hydrides, with oxygen to form oxides (ethen 
and with hydi-ogen and oxygen to form hydrates (alcohols), so the 
can form salts corresponding to the various acids. The formulae c 
these salts may be written by replacing the hydrogen of the acid I 
the dili'erent radicals. Thus ethyt sulphate is {CJS^fiO^; eth] 
nitrate is {CJS^)'NO^ ; methyl chloride is CH,C1 ; propyl sulphk 
is {CJSj)fi; iuid so on. In the case of an acid like H^O^coi 
taining two replaceable atoms of hydrogen, there can be formed bodi 
like hydrogen ethyl sulphate H(CJS^)&0^ corresponding precise! 
to hydrogen potassium sulphate, HKSO4. 

Mercaptans. — Among the compounds of the radicals of the man] 
gas series, may be mentioned the mercaptans. These compomu 
correspond in formula to the alcohols, except that the oxygen is i 
placed by sulphur : they may be regarded as derived from hydrogf 
sulphide, in the same way that alcohol is derived from water. 

Water. Etliyl alcohol. Hydrogen sulphide. Ethyl mercaptan. 

^ \ O ^2^5 ) Q H ) g C3H5 \ g 

H ( H S H 5 H j; 

The salts of the various radicals are often called compoun 
ethers; methyl chloride is called methyl-chlorhydric ether, eth; 
sulphate is called ethyl-sulphuric ether, or simply sulphuric ethfi 
(The term "sulphuric ether" is sometimes used to denote ordinal 
(ethyl) ether. This desijj^nation is, however, improper, as ordinal 
ether contains no sulphur whatever.) Several of the>se compom 
ethers are manufactured in large quantities for the preparation ( 
perfumery and flavoring extracts. Thus amyl acetate, or amyl-acet 
ether (made from fusel oil), has the odor and taste of the jargonel 
pear ; amyl valerianate has the smell and taste of apples, and 
known as apple-oil ; ethyl butyrate has the flavor of pine-apples, el 

The preparation of one of these compound ethers, ethyl acetal 
may be illustrated by the following experiment. 

Ezp. 105. Into a small test-tube put 10 drops of ordinary alcohi 
and the same amount of strong sulphuric acid. Add a crystal 
sodium acetate as larf^e as a small pea, and Icv^at \\i^ mvttosLT^ %<«!i( 



JLVRTtU i 
\er, ettivl atf.uie, U rartumd, anil may la noo^^taaei bjr lu 

, Acetic Acid (c^,0,). — Wfara the denboUc UijiimI 

Itinuwl lij llii- rtniwmalKJii uf ilia juitM of ^'ni|iot or ulher 

%fDiAA is txjiostiri t« tlio air. it finulutdly twcuiuM w-nt, nml ia 

entually converlej iulin vini^gnr. t'liilcr tin: iiiUut-ii<'>? of tlis 

n r>i tbe air, the olcnhiJ cluuigna irihi «oetio add. Vtnit> 

a verjr dilute eulution of this add, containing alH^iit 2 t-i 4 

ut of tilt acid, logetliwr with coluriuK iiiattcr, aiiJ viiriuui 

!r impurities derived bum the juivo uf tliti fniit from which 

■la ppBjifireJ. 

». 106. — Allow that portion of the nloholio liquor of Eipk 
If vMcli wairi iirit dittlilied lo i«iiinin f(ir n nnmlicr uf ilnyii iu a 
lv-p<ivered ve»<'l. The liquid will gnuiiially Iwcomi- Miur, and 
■tt Uie Lisli! auil Eiuell of vine^-nr. Tlio alculiul biu bevn nm- 
)d into aoetio acid. Preserve tliia ariil liquid fur iwe in a sab- 
ot fsperiment. 

i has juet been wen, niny be prodnved by allnwing an 
fclic liijuiJ til become sour griulunlly, by M]>o»iire to the air ia 
fccUjr-closed vesBflB. On tlie lat^ st'ide, liii«ever, it is gen- 
^nuuic by allowing the nir to Imve pi*, ne. 

H tn weak alcohol, sprettd in a very 
B kyer avert ik very great siirfiii:!', 
~ 1 conducted in large 

1 with wotxl-shavingB, over 
f alcoholic liquid (aa rider, 
r brsrdy diluted with wat*r) 
The cask is fumUhed 
a buttom, and with a heail 
I With eiaall boles, which serve 
t the alouhfil evenly orer the 
\ Air enters the rusk ihruufjh 
and escapes through 
Sfecc), and thniuf-h several 
I the cover of the cask. The 
h runs nut of the ca.-.k inay 
d to the top, until, afii 
k tfeohol u antirelj converteil 

4 «/ saeb eize, aud the flow so rcgu\B.t<;i\, V\»a.l "tW 
^aJeohol to vinegar in complete att^r 




throuKh the cask sei-eral 
acetic acid. The cask 
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The chemical changes which take place are as follows : the alco- 
hol under the influence of a little yeast, honey or grape sugar, with 
which it L) mixe^l, has a great tendency to absorb oxygen from the aii, 
and \ni converted into water, and a new compound, aldehyde. 

c;h,,ho + o = CAO.H + h,o. 

Alculial. Aldehyde. 

Aldehyde is an unstable compound which oxidizes very readfly.' 
As it piiHses over the shavings, the oxygen of the air comes in contaet 
with it over a very great surface, and it is rapidly converted into 
acetic acijl : 

CAO,H + o = c;hp,ho. 

Aldehyde. Acetic acid. 

Aldehyde is a very volatile compound, and on this accoimt, tmless thft 
supply of air furnished be abundant^ a considerable loss of alcohol il 
exju'rienced in this process. 

23(5. Chloral or Trichloraldehyde (C^CipH). — By replacing 
three atoms of hyrlrogen in the formula of aldehyde by as many 
atoms of chlorine, the fonnula of a body known as chloral is ob- 
tained. This compound is formed by passing chlorine through, 
absolute alcohol. It is an oily fluid, which unites with a small quan- 
tity of water to form a crysttilline hydrate, much used of late in. 
medicine to induce sleep. 

23 7> The formula of acetic acid is C^H^O, or, written on thft 

C H O ) 

type of water, ^.^ : O, an atom of hydrogen being replaced' by 

a hypothetical oxygenated radical, CJSfi, called acetyl Tbi» 
radical has not been i.solateil : its chloride, however, is known. H 
this hypothetical radical acetyl, CgHjO, le compared with ethyl 
CgHj , it will appear that two atoms of hydrogen in the latter are rep- 
resented by one atom of oxygen in the former. By the similar device 
from may be derived the hypothetical radical of 

Methyl CH, Formyl CHO Formic acid CH.Os 
Propyl C^H^ Propionyl C,H,0 Propionic acid C^eO, 
i Butyl C,H„ Butyryl C,H,0 Butyric acid C^HgO, 
Amyl C,H„ Valeryl C,H,0 Valeric acid C,H,oOi 
Etc. Etc. Etc. 

Acetic acid is tlius one member of a series of acids ; they 
are called the fatty acids, and several members of the series are 
of very great industrial importance. 

238. Acetic acid is one of the products of the distillafcioB 



\ 
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of wood (§ 28S), and, thus obtained, it in known in tlip rni< I 
state as pyroligneoiu add. 

The pure acid is obtained by acting on some acfUiU*, lut wHlitim 
acetate, with sulphuric acid, and then di»tilhng the niixttm*. 
At the ordinary temperature, acetic acid in a vuliitilc li(|ui>l 
possessing a pungent odor, but at IT*^ it bi*(M»ni(*s a tnins|Kiri*iit 
lohcL; hence the name glacial aoetic acid appliitl t<» iln* 
Jliongest acid. 

Bxp. 107.— To the acid liquid of Exp. 106, or to 40 or ">o .-. ,-. 
tf common vinegar, add powdered chalk (calcium carbonate) iia lonj^' :us 
flte addition causes effervescence. Calcium acetate in ioriiuMl ;iii«l 
nmains dissolved in the liquid. Filter the solution, und evaiMintn: 
tlie filtrate to dryness at a gentle heat. The wdid n*si<luc is an ini- 
pore calcium acetate. Place a portion of this culciuni ai-ctati? in a 
anall test-tube, and heat gently with a few dro^is of ntn^n;,' sulphiuii: 
iod. Acetic acid will be set free, and may be i-ecogniztn.! by its pii u- 
^ odor. If ordinary vinegar be usetl in this experiment, it will Ik? 
t^ to decolorize the solution of calcium acetate bv niixiii'' it with 
, pwdered bone black before filtering (see Exp. 72, § l8o). 

The acetates are important bodies, and many of them are \imh\ 
^the arts and in medicine. Aluminum acetate is use<l in dyeing 
!fi451); lead acetate is familiar under the name of sugar of lead ; 
■ *^per acetate is known as verdigris ; ethyl acetate is acetic ether. 

239. Formic, acid (CHaO,), another member of the fatty 

I •fid series, is secreted by ants, and was first obtained by dis- 

[ ffling the bodies of these insects : it bears the same relation to 

; ^Jfithyl alcohol (CH^O) that acetic acid does to ordinary (ethyl) 

•Icohol, and may be prepared by the oxidation of methyl alco- 

^L Formic acid is interesting because one of its salts, potas- 

^^ formate, may be readily prepared from what are usually 

Wed as inorganic substances. 

If moist caustic potash be exposed to carbon protoxide at a tein- 
P^tnre of 100°, the gas is slowly absorbed, and potassium for- 
''^te is produced : from potassium formate thus made the acid itself 
"'^y be indirectly obtained. 

^ ! O 4- CO = /^ J!Jx \ O 

H J ~ (CHO) ) 

^tassium hydrate. Carbon protoxide. Potassium formate. 
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Formic acid is one of a vast number of compounds iviiiQh 
formerly were supposed to be produced only through the agenof- 
of living orgsmisms, but which now can be made in the labom- 
tory from inorganic substances. This synthetical constructioft 
of so-called organic substances has contributed to obscure tht. 
distinction fonuerly drawn between organic and inorganic chenl 
istry. 

240. One of the salts of formic acid will serve as an excellent 
illustration of the value of rational formulae (§ 152). The formula of 
methyl formate (CJSfi^) is the same as that of acetic aoUk 
and the emjnrical foimurae afford no means of distinguishing be- 
tween these two substances ; if, however, methyl formate be wiittea. 

^ \ ( ^ ^^ acetic acid, as before, ^^«^0) | q these foniiii]a| 

represent to the mind two distinct bodies. As the properties of thl^ 
two substances are very different, we naturally seek to account WP 
such different manifestations of the same elements in the same pro- 
portions by imagining some difference in the arrangement of tihi 
atoms within the molecule ; and, although we cannot know what thllg 
arrangement i.s, we can recall by the rational formulae some of ^i 
reactions which occur in the formation or the decomposition of thft 
substances in question. Bodies which like acetic acid and m^yL- 
formate have the same ultimate composition are called isomeric. •= 

Other acids of the fatty acid series will be brought to off 
notice by the study of a very important natural group of oiganilp 
compounds, that of the fats and oils. * 

241. Natural Fats and Oils. — The various fats and non- 
volatile oils obtained from both the animal and the vegetabM 
kingdom are in the main mixtures of three well-defined bodie^ 
two of which, stearin and palmitiii, are solid at the ordinal^ 
temperature, while the third, olein, is liquid. * 

Ezp. 108. — Expose a test-tube full of olive-oil to cold by sitt-l 
rounding it with a mixture of salt and pounded ice. A portion of thai 
oil solidifies, while another portion remains liquid. The solid portiOB 
is mainly palmitin, the liquid, olein. 

OHve oil consists essentially of olein and palmitin ; beef-taU 
Jojr IS mainly steann ; lard is made up oi olein. and palmitUK| 
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butter k oleiii, pdmitin, together with MTerAl other peculiar 
bts, to which its taste and odor are due. 

The chemical constitution of these bodies may Iw heitt rpprcm'nt4.*fl 
7 the use of typical formuUe. Stearin is a salt uf ateario aoid, ami 
uj be regarded as built upon the type of three luolccule?* of wuUt : 
iformalamay be derived from that of stearic a4.'id by Hiibrftituliii^' 
r three atoms of hydrogen in three molecules of the acid uue sUmu 
f the trivalent radical fl70«rjl (CAX thus : — 

Type. titctfic acid. Stearin. 

ffhree molecolee.) (One m4ilr«>iil«>.) 

H. ) o (C.A.OX ) o (C.H.O), / o 

H,r» H, r* (CA)> * 

Stearin is |;l7cer7l atearata; similarly palmitin \a flyoeryl 
ibnitate, and olein is glyceryl oleata. Oleic acid (I<»c4 nut 
ilong to the same series with stearic and palmitic ai-idif ; but, from 
e association in nature of the oleates and the atearutcji, it is cuii- 
aiently inti-oduced in this connection. 

242. The various fats and oils are insoluble in water ; they 
tf however, readily dissolved by certain liquids, such as ether, 
Azol, oil of turpentine, etc. 

Bq». 109. — Fill a small bottle half full of water, and pour in a 
V drops of olive-oiL The oil remains on the top of the water, and 
not dissolved by agitating the mixture. 

Bipi HO. — Into a small bottle put two teaspoonfuls of concen- 
itod ether, and add one quarter as much olive-oil. Cork the bottle 
jhtly, and shake it : the oil is readily dissolved by the ether. 

243. MannfSACtore of Soap. — Very great industrial impor- 
BOB attaches to many of the natural fats and oils on account of 
flir use in the manufacture of soaps and " stearine " candles ; 

hoth of these industries, a hydrate of glyceryl, glycerin, 

^1 0„ is a secondary product 

Die manufacture of soap may be illustrated by the following 
leriment : — 

Izp. 111. — Dissolve 15 grms. of solid caustic soda in 120 c c. of 
er. When the suspended impurities have settled to the bottom 
he solution, pour off one half of the clear liquor into a deep iron 
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or porcelain di^ih of at least 500 c c capacity (see Appendix, § 2lV 
add an equal bulk of water, and 50 grms. of beef tallow. Bring the 
mixture to boiliug and boil it steadily for thi*ee quarters of an hour, 
supplying from tinie to time the water lo»t by evaporation ; then add 
the remainder of the isolution of caustic soda, and continue to bdl 
steadily for an hour or more, allowing the liquid to become somewhsfe 
more concentrated towards the end of that time ; then add 20 gnoi. 
of fine i^lt, boil for a minute or two, and allow the liquid to cool A 
l>art of the moss becomes solid, -and rises to the top ; it is hard soqp. 

The chemical action is thus explained : when tallow (glyceryl 
stearate and oleate) is boiled with sodium hydrate, theie is formed so- 
dium -stearate (and oleate) and glycei^l hydrate. When common salt 
is added, the soap (sodium stearate and oleate), being insoluble intiie 
saline liquid, separates as a solid. The liquid remaining contains in 
solution the excess of sodium hydrate employed, as well as the salt 
and the glycerin. 

Soap may be made more quickly by using castor-oil instead of be^ 
tallow. Mix 100 c. c. of castor-oil and 100 c. c of caustic soda solution 
prepared as above, and boil for 30 minutes. Then add 150 e. cJof 
water, bring to a boil, and add 20 grms. of salt. The soap rises to the 
top and may be removed when cold. . Castor-oil is mainly glyceryl 
ricinoleate ; the chemical change is similar to that just described. 

. "Bxp. 112. — Heat some of the soap of Exp. Ill with soft water. A 
nearly clear solution will be. obtained if the decomposition of the 
tallow or oil was complete. Add dilute chlorhydric acid until the 
solution is decidedly acid. The liquid will become turbid, and on 
standing, will become covered with a layer of a fatty substance which 
is a mixture of stearic and oleic acids (or mainly ricinoleic aci4 ^ 
castor-oil was used). The sodium chloride fonned will be held in 
solution by the liquid. 

Other bases besides caustic soda may be used to. effect thfi 
decomposition of oils or fats. If caustic potash be used, ?k.tofi 
soap is formed ; if slaked lime be employed, there is fonned a 
lime soap, calcium stearate, etc., insoluble in water ; if leai 
oxide be used, there results an insoluble lead soap used in medi 
cine under the name of lead plaster or diachylon. 

244. In Exp. Ill, one of the products of the reaction, gly 
cerin, remained dissolved in the solution of sodium chloride aiwi 
hydrate. This substance may be prepared as follows : '-^ 
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B]qp. 113. — Into a d«ep |>orci*laiu dinh put 54 > ^tiii!«. iT lithur^'i- 
and 75 c c water. Into thin mixtare Mir hi) (^rui^. of olivt- oil, aii<l 
boil the mixture stteadilv for 50 or GO minutiv with oonNtant Mirrin;;. 
and occasional addition of water to replace that lout hy i>v:i|Hir:iii<iii. 
The oil is gradually decouipoeed ; an ihMtluMe Iciul Ai^ip (lijul 
plaster) is formed, and the color of the niasa in the dish Inm-iuiii-o 
lighter. When the oil seems to be entirely decuuiiHiscdf {Hiur oil tit- 
liquid portion through a filter, add 50 c. c. of water to the Ira* I 
piaster, boil for five minutes, and pass this liquid also !liri>u;^li tin* 
filter. The glycerin is dissolved by the water, and witli it p.»~-»s 
throngfa the filter. Evaporate the filtered li({uid to dr\'nesA at a )i^\\- 
tk heat : the glycerin will remain as a sinipy, non-volatile Ii<{tiiil. 
having a sweet taste. As the amount of glycerin obtained will be 
very small, it is well to transfer the solution when nearly evaporated 
to a watch-glass, and to finish the evaporation on a water-bath. 

fflycerin, when pure, is a colorless, sweet- tjistinj^, sinipy 
liquid, which mixes with water in all pn>iMirtions. AN'Ihh 
l^ted in the air, it is slightly volatile, but cannot 1m^ distil IimI 
without decomposition, and the formation of vapors of acrolein 
veiy irritating to the eyes. This same substiince is fornuMl when 
&t bums, and is the cause of the peculiar odor given oil' from 
the smouldering wick of a tallow candle. 

Olycerin is used somewhat in medicine, mainly for external 
applications : its use depends upon the fact that it is but slightly 
Tolatile, and does not dry up or undergo change when exposed 
to the air. 

245. Nitro-Olycerin. — If glycerin be allowed to flow grad- 
'lally into a mixture of nitric acid and oil of vitriol, which is 
kept cool, a heavy oily liquid collects at the bottom of the acid. 
It is known as nitro-glyceiin, and is a highly explosive com- 
pound, being decomposed either by direct application of heat, or 
ty percussion. It is used for blasting purposes instead of gun- 
powder, but is very dangerous to transport : the danger in using 
it can be very much lessened by making the nitro-glycerin im 
mediately before use at the quarry or other locality where it is 
to be employed. 

The formula of nitro-glycerin is ^S|?v^ \ 0„ while that of gly. 
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cerin is ' ^' | O, ; that is, three atoms of hydrogen have given place 

to three atoms of the radical rUtryl (NO,) : nitro-glycerin may \» 
regarded as glyceryl nitrate, 

246. As has been stated, glycerin is also a product of the 
nmnufacture of what are known as stearine candles. These 
candles are not, properly speaking, stearin, but are made of the 
solid fatty acids ; namely, stearic and palmitic. Any process by 
which stearin -(and, of course, palmitin and olein) is decomposed, 
so that the fatty acid or glycerin, or both bodies, are set firee, is 
termed saponification, even in cases where no soap results from 
the reaction. 

By treating the fat with sulphuric acid, it may be decomposed 
with formation of the fatty acids and glycerin, and the two pro- 
ducts can be readily separated from each other. The decomposi- 
tion may also be effected by the use of superiieated steam, sod 
in the manufacture of candles these two methods are employed 
to a very large extent, although the fatty acids are sometimei 
obtained by first forming a lime soap and then decomposing it 
with acid, as the soda soap was decomposed in Exp. 112. The 
fatty acids are cooled and submitted to pressure, which separates 
the oleic acid : the solid acids are then moulded into proper forms. 

Candles are also manufactured from spermaceti, paraffin and wax. 
Spermaceti is a solid fat obtained by cold and pressure from the oil of 
the sperm whale ; when saponified, it yields palmitic acid and etbal 
(C16H34O). ParafBn is at ordinary temperatures a white solid having 
a pearly lustre. It is generally regarded as a mixture of several mem- 
bers of the marsh-gas series of hydrocarbons (Cb Hsn-ts), which, 
indeed, are sometimes designated as the ])araihn series or the paraffins. 
It occurs in petroleum, and when the petroleum is distilled, it 
comes off in abundance at the latter part of the distillation. It is 
separated from the accompanying liquid hydrocarbons by cold and 
pressure. Paraffin also occurs in smaller quantity among the products 
of the distillation of bituminous coal and wood. Beeswax is mainly 
a salt of palmitic acid, melissyl j)almitate, together with a fiee acid, 
cerotic acid. Chinese wax, produced by an insect belonging to the 
same genus as the cochineal insect, yields on saponification two 
bodies, cerotin and cerotic acid : it is cerotyl cerotate. 
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247. Artificial Fmts. — Wliile br the variouH proreM«*ii or wiiMHii- 
ficationitis possible to obtain fn>m the natuml ful^ (with thr • K - 
ments of water) both glycerin and a (iatty aciti, it hit-* uImi Ummi finiiKl 
possible to reproduce the fats by bringing tbu fatty lu-idn und ^\y • iiu 
together under appropriate c-ondition.^ : in this vhm: watirr i^ i-ljim- 
oated precisely as water was M^t free in the funuation of |NJta^Aium 
nitrate from caustic potash and nilxic aciil (£x|i. i(>, { iX)). 

Glycerin. Btearic acid. SUurtn. m'atrr. 

248. Vegetable (MIl — Of tlie oils and fats thus far nm 
sidered, all, with the exception of olive oil, have In'4'U nf animal 
origin : all plants, howeTer, contain some nipre8c*ntativt> or npn* 
Kntatives of this clasa. These vegetable fat^ juid nils iHt;ur 
iDoet abundantly in certain seeds and fruits, such a.s tin* s.-nls df 
liODp, flax, cotton, sunflower, and the kernels of thf stunt* of 
the peach, also in such nuts as the i)eanut, butternut, luMcInnit, 
almond, etc. Oil occurs also in the cereals, as may hv illustrated 
V the following experiment : — 

Ezp. 114. — Dry two or three teaspoonfuls of corn-nioal on tl)t> 
tater-bath for an hour or two. Put the dry luviil into a small lM»tile 
lod pour upon it twice its bulk of ether. Cork the bottle ti;j;litly und 
ihake it from time to time during half an hour. Finally tiltir the 
%aid into a clean porcelain dish (taking cure that then* is no lighted 
imp or fire in the vicinity), and place the dish where there i.< a j:o«kI 
draught The ether will evaporate spontaneously and a yellowish 
oil will renaain. 

All of these oils are called fixed oils : they leave a permanent 
greasy stain on paper, and cannot be distilled unchanged. 

The fixed vegetable oils consist in great measure, like the animal 
fets, of stearin, olein and palmitin ; but many of them contain other 
substances in greater or less proportion. Thus bayberry-tallow, a 
fiuniliar example of a vegetable fat, consists in port of palmitin and 
pahnitic acid, and in part of a substance known as lavric acid. 

249. Drying Oils. — Certain oils, especially linseed oil, when 
exposed to the air, gradually absorb oxygen and become solid. 
Such oils are called drying aiU, This absorption of oxyg^ 
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causes the evolution of a considerable degree of heat : in &cfc^ 
cases of spontaneous combustion often occur from the takioi 
fire of heaps of rags, tow or other light material, saturated or 
smeared with oiL 



250. Estential Oili. — To be distinguished from the mat ^ 
volatile or fixed oils are the volatile or essential oils. Then i 
compounds, in some points, resemble the fixed oils, — they m I 
inflammable, insoluble in water and readily soluble in alcdbd| 
and ether : they are, however, more or less volatile at ordinal^, 
temperatures, and do not leave a permanent stain on paper. Thi J 
essential oik* are generally obtained by distilling with water tb ^ 
portion of the plant in which they occur. The essential oil M 
carried over with the steam, and separates from the water whiA s 
is condensed in the receiver. A familiar and characteriat*. J 
example of an essential oil is found in oil of cloveSy a volattt ^ 
liquid of well-known odor. ^ •1 

Ezp. 115. — Into a glass retort of about 250 c. c. capacity, jmt 
grms. of whole cloves, and 150 c. c. of water. Insert the neck of tl« 
retort loosely into a receiver or flask, kept cool as directed in Expi 9» 
§ 31. Bring the water in the retort to boiling, and boil until on^ 
half of the liquid has distilled over. The water which condenses it 
the receiver will be rendered turbid by the " oil of cloves," whiA 
has been carried over by the steam, arid on standing, the oil, being 
heavier than water, will collect in drops in the bottom of the le- 

ceiver. • • 

The oil possesses the characteristib 

odor of cloves, which it also commiiBi- 
cates to the water with which it is itt 
contact. The water may be poured 
off, and the volatility of the oil illus- 
trated by dipping a piece of filte^ 
paper into it, and hanging the paps' 
in the neighborhood of a gas-flame. 

The water, which, from its condensa^ 
tion with the oil of cloves, acquirer 
the same odor, is an example of the fragrant " distilled waters " of tb^ 
apothecaries. ' • . j 
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251. (Ml of Tnrpentiiie (C,^J. — When incwionii an* nunii* 
into the tronks of certain species of pine, ih<?rp exudeit friini 
ihe wounds a thick resinous substance known a.4 turpentine. 

WoQXi ordinary turpentine is distilhiii with wiit^'r, thi-n* miiirs 
)Ter, mixed with the steam, the va(K>r of an oily lif|tiiil, whirli 
ondenses in the receiver and rises to the top of th<^ run«li*n.^d 
rater. It is oil of torpentine : the residue in the rL*t<irt \a rxin 
Dou rosin. 

Ezp. 116. — Into a glass retort of about 250 c c caporiiy, pui 
Dgnns. of crude turpentine, and 2(K) c c of water, lioil tht* \\i]\\\*\ in 
Ik retort, and condense the vapor which is given off, b» iu Exp. 1 1 Ti. 
)top8 of an oily liquid will rise to the top of the water in the n>- 
dver, and form a layer on its surface : it is oil of tuqicntine. 

In this experiment the pitch of northern pine^ or of the spruce, etc, 
say be used instead of the *' crude turpentine." 

252. Oil of torpentine is a volatile liquid, and may In; dis- 
illed unchanged. It will not mix with water, but diriHolvcs 
leelj in alcohoL It is very inflammable, and burns with a 
iiDoky flame, as was shown in Exp. 67, § 18L 

Ezp. 117. — Into a small bottle half filled with wat«T, iH)ur a 
easpoonful ' of oil of - turpentine, and shake the bottle. The liquid 
Slendered turbid by the drops of oil scattered thn)Ugh it^ but t)i(^se 
lops soon collect together, forming a layer on the top of the wat^T. 

Bzp. 118. ^- Into a small bottle half filled with alcohol, pour a 
iaspoonful of oil of turpentine, and shake the l)ottle. The oil of 
irpentine dissolves, and a clear honiogeneou8 liquid resulU^. 

253. Oil of turpentine is chiefly valuable for its solvent 
owers. It dissolves the various resins, and is used in the 
reparation of varnish : it also dissolves sulphur and phosphorus 
^ readiness, and is one of the best solvents of caoutchouc 

254. The essential oils find extensive application in per- 
Qinery : they are, however, often replaced by substitutes arti- 
icially prepared. Thus for oil of bitter almonds is sometimes 
tthstituted nitrobenzol (§ 268), and, as has already been stated, 
§ 233), various compound ethers, made from fusel oil and other 
ilcohols, are prepared on a very laijge scale for the confectioner 
^^ perfumer. 
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255. Oil of luqientitie ia n hydrcx!iirl>on or the cfnn]jQalioii 
C,gH^ : on uumunc (§ iV>) coni|iontid tlao occurs m tbe TsnOW 
cawutinl oiU, snr.b u llie oils uf beiganiut, birch, doves, cuiwqf 
IcmotiB elc. ; luoat uf them contain, in addition, a distinctii 
of corbou, hytiroji^en and oxygen. Certain of the essential oils Mit^ 
Uun sulphur : thos the est^ntiol oilit of garlic, onions and assaTotiJI 
have the ^nipiwitiDn {Cfi^jfi. This compound is the nulphide dl 
the nulicaJ allyl (CfiJ. The pungency of the borse-nulish ia itt 
to a Bnlpliocyuiicle of the same radical. 

It will be noticed that the radical allyl has the same fonnulitf 
tliat nasigDed to glyceryl (§ 241). It is, however, merely ia 
with glyceryl, for the latter replaces three atoms of hydrogea, 
trivaleat, while atlyl is uiiivulcnt. 

256. Camphor (C„^„0).— Among the essentia! oila.iaclMaJ 
ordinary mniphor. It is obtaitied by distilling with water d 
wood (if a variety of East Indian laurel. At ordiuaty ten^ 
tuTOH, it is a whit« solid, v^liich, like ice (5 28), vo!atili«' 
evapomtes without finit melting ; it may roulily be distilled^' 
Bublimed unchitngcil. Camphor takes liro at a low 
and buma with a very sraoky flarae ; it is only slightly 
in water, but dissolves ivadily in alcohoL 

Exp, 1J19. — Into a tnll, narrow lieakcr of abont 50 c. c capod 
put S or 3 grammes of camphor. Roll up a piece of rather stiff pi 
«o as to form a long conical cap which will fit into the top of 
heaker. Place tbe beaker thus prepared in a sand-bath and heat 3 
the camphor soon melts and b^ns to boil, and the va])or of campt 
is condensed on the npper \iatt of tbe l)eakcr and on the iddc« of fl 
paper cone in delicate, snow-like cryntsls or as a crystalline solid. 1 

Exp. 120. — Throw a ]>ortion of the sublimed camphor of W 
preceding experiment into a dish of clean water. Tlie camphor will| 
slowly dissolve with a peculiar gyratory motion. Throw anoflwfi 
portion into a small quantity of alwhol ; the camphor rapidly djw 
solves. Place a third piortion on a brick and t^och it with a lighted 
match : the camphor takes fir« and bums with a smoky flame. 

257. Camphor is a compound containing oxygen : other o^- 
genated essential oils are the oil of bitter almonds, oil of cinna: 
mon and oil of wintei^reeii ; some of these oils will be Bttidie^ 

ia tbe succeeding chapter. 
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nential oils which hare just heen ■todieA have no immedi- 
ion to the marsh-gafl series of hydroearljoiM, whifh, with the 
oompoundft, has formed the main subject of thin cha|»trr. 
i, however^ conveniently «tadied in eonuectiun with the iats 

ioilflb 



CHAPTER XVL . 

CASBOV (eontinned). ijf^ 

In tlie aeries of hydroearboni known as tlio marsh- 
es, and described in the last chapter, there is a contitunt 
ce of CH^ in the formulse of succeeding members of the 
There is also a difference of about 30** between the lx)il- 
its of successive members; and other physical j)n)iK'rtie8, 
ed, would show a corresponding and regular increase or 
3. Such series arQ called homologous series (liaving 
le proportion), and the members of the sorics are homo- 
of each other. . For every such series a general algebraic 
can be devised which will apply to ciich meniljor of the 
Thus the general formula of the liomologues of marsh- 
DnHjn 4- J J if n = 1, the formula becomes CH^, marsh- 
n = 3y the formula becomes C,H,, propyl hydride, and 

her series of homologous hydrocarbons is tliat whose gen- 
niula is Cnl^ : the first member ot this series is olefiant 
H^). Members of this series occur among the products 

distillation of various organic compounds, and also in 
inL 

Olefiant gas or Ethylene (CJS^) is a colorless gas, some- 
)luble in water. It occurs among the products of the dis- 
1 of bituminous coal, but is best prepared by the action 
hvnc acid on alcohol. 
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In a fliwk of at leut 700 c. c copMitf mix oautioDstr, with mo 
etant agiution, 120 c c of oil (d 
vitriol and 30 c c of alcohol Ohi 
i nect the flask when cool with a de 
I livery-tube dipping into the wata 
paji, and apply a gentle heat Tk 
colorless gaa evolved from llie mil 
-tum-May be collected over vniet L 
the usnal manner. The mass in til 
flask blackens, and towards the en 
of the operation botha conaideraU] 
so as to i^uire constant walchiii| 
The gas bums with awhiteflaniB,! 
may be shown by applying a lighte 
match to the mouth of a bottle 
the gaa, and fotciug fhe gas onf b 
pouring water into the bottle. 

The reoction which takes place consists in the removal of the el« 
ments of water from the alcohol : C^O — H,0 = C^. Ollw 
reactians, however, take place, as the gaa prepared in thia manni 
always cnrries with it sonio vajKir of ether and undecoinposed alcolio 
together with carbonic acid (CO,) and sulphurous acid (SO;). 

260.' The name olefiaut gas is derived trom the taet, Qa. 
when it is brought into contact with chlorine, the two ga« 
unite directly to form an oily liquid, ethylenS Chlorld6, CfifS, 
called also Dutch liqnid. 

The formation of ethylene chloride may be shown as follows 
Fill a bottle of 500 c. c. capacity with chlorine gas, and pass this p 
under water into a bottle of 1000 c c. capacity, which has bee 
previously half filled with defiant gas. The miiture of gases thi 
formed will speedily decrease in bulk, and drops of an oily liqiii< 
ethylene chloride', will •ollect on the surface of the liquid and an 
through the water into the pan, where they may be collected in 
porcelain capsule placed under the mouth of the bottle. 

If the ethylene chloride thus formed be purified by being ahakt 
up in a bottle containing a solution of sodium carboiiat«, and the 
poured out upon a plate, it will be found to possess an agreeable <A 
somcthin" like chloroform. 



Ethylene is the firat of a s 
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ining one leas atom of hydrogen than the eoirmponding ni!i- 
b of the manh-gas series. Thus : — 

Ethylene is C^^ while Bthjl in C^^ 
Propylene ** C^ ** Propyl "* C^ 
Bntylene '« C,H. ** Butyl ** CA 
Bto. Bto. 

lie members of this series act as btralent radicala ; they difftT 
bnnnla from the corresponding alcoholri of the iiiar}4|i-^.iM mrrivH liv 
), and some of them, like ethlyene, can be obtainwl by (li}*tilliii>: 
corresponding alcohols with zinc chloride, or, in lamm ca^i'is «^itli 
hnric acid. Many chemists prefer the terms ethene, propene, bu- 
, etc, to the somewhat longer names ben* used. 
)t Glycols. — The members of this series, acting as bivalent 
cds, enter into a variety of compounds ; one of tbe^u c(»ui]Nmiid.*(, 
flene chloride (C^^Cl^ has already been mentitined (§ 2<)(>). 
ing the same relation to these radicals that the alcuholM (§ 221>) 
3 the radicals of the marsh-gas series is a class of iMxlii's rom- 
ly known as glycols: thus the formula of ethylene glycol 

^* I O,. These compounds are also sometimes included in the 

lal term alcohol, which is thus seen to have a wider application 
that given in § 229. In fact, the tenn alcohol, in its most ex- 
ed sense, is applied to any organic compound built u])on the type 
le or more molecules of water in which the nulicnl that replaces 
hydrogen contains only carbon, and hydrogen. When this 

al is bivalent, and replaces H, in the type ^ | O,, as in glycol 
y > 0„ the alcohol is called diatomic ; when a trivalent radi- 

^places H, in ' [ O,, the alcohol is triatomic ; according to 

new, glycerin, a compound already studied (§ 241), is regarded 
briatondc alcohoL 

3. The members of the olefiant-gas sieries afford an illustration 
le value to chemical theory of the determination of the vapor 
ty of compound bodies, — a determination which is a purely 
ical operation. It will be seen that in each of these hydrocar- 
there are two atoms of hydrogen for one atom of carbon, or two 
by weight of hydrogen for twelve parts of carbon. By analysis 
ly, the formula of these compounds could not be established, 
n example, take butylene (C^Hg) : jEuialysis woul<^ ^ ' 
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over the lamp. - Chemical action takes place, and^ npen subfiequeofc 
dilution of the acid mixture with water, a heavy, oily Uquid separately 

Hitrobensol is a heavy, oily liquid insoluble in water, b^ 
soluble in alcohol and ether. It has an odor resembling thatcl-. 
bitter almonds, and is somewhat used in perfumeiy. 

Nitrobenzol is interesting, as affording another example of a nib^^ 
Btitution compound in which the group of atoms NO, takes the pboe 
of hydrogen (coui]>arc uitro-glycerin, § 245) : it is, however, duejlft 
interesting from the fact that it is one step in the process of makiii^ 
aniline from lienzol. .. . i 

• ' ■ ■ ■ 

209. Aniline (C^Et^) is a volatile, oily liquid somewhat soW 
ble in water, and readily dissolved by alcohol or ether. ' WImb^ 
pure, it is colorless, but on exposure to air it becomes of a let^ 
dish-brown color. A charactenstic reaction of aniline is affordadT 
by its deportment to " chloride of lime." 

Exp. 124. — Stir up a teaspoonful of " chloride of lime ^ (bleaelK 
ing powder) in five times its bulk of water^and filt^ the solati(H|J 
Dissolve a drop of aniline in a teasp^nful -of water, and adid IL 
few drops of this solution to a portion of the solution of bleachio^ 
l)owder. A beautiful purple coloration turning to a dirty red.wilL 
form in the liquid. 

270. Aniline may be obtained pure by distilling indigo witlL 
caustic pot6ish : it also occurs in very small quantity among thflL 
products of the distillation of coal, in the heavy oil of coal-taf 
(§ 264) ; on a large scale, however, it is made from nitrobenaob 
by the action of reducing agents (§ 129). The formation of' 
aniline from nitrobenzol may be illustrated by the following 
experiment. 

Rsp. 125. — Into a wide test-tube put two drops of nitrobenwl 
and a few small fragments of zinc. Add half a teaspoonful (rf 
strong chlorhydric acid. Violent evolution of hydrogen takes place, 
and the nitrobenzol, which at first is visible in oily globules at the 
surface of the effervescing liquid, gradually disappears, being con- 
verted into aniline, which dissolves in the acid. Mote zinc or more 
acid may be added until this result is reached, but the zinc should be 
in excess. When the nitrobenzol has disappeared and the action of 
the acid has ceased, dilute a portion of the liquid with an equal balk 
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of water and add a drop or two of the bleachinp-iMiwd^r Htlutinti. 
used in Exp. 124. The chanti-teriHtic |iur|i]L' color ]>nMliiiiil !•% thi- 
action of blt:aching powder ui»on aniline upiieurn in the lii^uiil. 

The formula of aniliue ia C,H,N, ami it may U* n-pinli •! an 
benzol, in which oue atom of hydrop.'ii hii> Ut* ii ifplaci'il 1*y tln- 
ladical (NH^ aiid written C^^^NH, ; or it may U* n'«:arfltfl .11 
ammonia (NHJ, in which one attmi of hvdrogcn han Wvu r«']il.i> c*! 

^ If phenyl (C,H,) and written H VIT. Comi>onnilR of the aniiii<>iii:> 

H ) 

■ tjpe where a metallic element, or radical acting an a metallic th- 
\ Mnt, replaces one or more atonia of hydni^n, air calhit amines ; 
fftosaniline would be called phenyl-amine. When in the aminoiiia 

^anon-metallic element, or radical acting &» a non-metallic clfnn-nt, 
I l^kces one or more atoms of hydrogen, the com]Maind is sunirtiini-s 

(CAO) ) 

' ttUed an amide; as acetamide, H ; N, where nn atom nt 

H ) 
kjdiogen is replaced by the hypothetical nidical acetyl, C^,0. 

271. Aniline resembles ammonia in its conduct towards 
icids, uniting directly with them to form salts ; thus with chlnr- 
bydric acid (HCl) it unites to fonn a comiMmnd C^lS^MCl, 't 
C^gN.Cl, corresponding to ammonium chl(»ridc and <all('«l 
"chlorhydrate of aniline," or, better, phenylium or phenyl- 
nunoninm chloride. 

Ezp. 126. — Pour a few drops of aniline into a porcelain dish, 
I ttd hold over the dish a rod which has been dipped in Ptrcing chlor- 

■ kydric acid. White fumes of phenylium chloride are i)roduce<l. This 
experiment illustrates both the volatility, and the basic character of 
miline. 

272. The term base has already been defined in §§ 59 and 61. In 
addition to the applications there mentioned, the term is also used 
to denote bodies which, like ammonia, NH3, and aniline, C^H^, 
contain no oxygen but unite directly with acids to fonn salts, 

273. Aniline Colors. — Aniline itself and the salts of aniline 
ue colorless when pure, but by exposure to the air they become 
nore or less colored. By the action of various chemical agents 
m aniline, a great number of coloring matters inay be obtained. 
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]?ed, yellow, green, blue and black, and tbat, too, in very gp" 
variety and beauty of shade, are thuff by difference in fl 
chemical treatment, all obtained from the same raw mateM 
namely, coal-tar, a waste product which formerly was of te 
little value. The intensity of some of these coloring matteia 
v(Ty fltriking. 

Bzp. 127. — Take a crystal of aniline red no larger than fl 
hoacl of n pin, dimolve it in a small quantity of alcohol, and fla 
dilute the solution in a clear bottle or in a white porcelain dish vi 
a litre or more of water. The red tint communicated to this lafl 
quantity of water will be very perceptible. 

274. The various so-called aniline dyes are obtained, n 
from the pure aniline, but from a mixture of aniline and tob 
dine. Tolnidine is a body obtained from toluol (C A) by pa 
ciscly the same steps as are taken in the production of anili 
from benzol. Pure aniline alone will not yield the coloiL 
matters. 

The chemical agents employed in the production of the as 
line (lyes are in their general character of an oxidizing natoi 
The effect of oxidation on the salts of aniline may be shown i 
follows : — 

Immerse the poles of a galvanic battery in an aqueous solution o 
aniline acidulated with sulphuric acid. At the pole where oxygen i 
evolved, the solution becomes of a bright red color. In Exps. ift 
125, the " chloride of lime " acted as an oxidizing agent, although th 
color there produced has little permanence. 

The various coloring matters themselves are salts of several coa 
pound bodies which l)ear a certain resemblance to aniline, in thi 
they i)ossess a basic character, that they may be r^arded as fomM 
like aniline on the ammonia type, and that they of themselves ai 
colorless : thus the beautiful and much-prized color known as iw 
genta is the salt (chloride or acetate) of a compound called roean 
line. This salt occurs in commerce finely crystallized ; the crysti 
are of a brilliant green metallic color by reflected light, while by tran 
mitted light they appear of an intensely red color. 

275. Phonic or Carbolic Acid (CeH,0). — Somewhat close 
related to the pb- — ' -'^ries of hydrocarbons is a body whi< 
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ocean in tibe oil distilled from ooal-tar, tiid i» known u phouo 
, or earlMlie tdd. The pure acid ciyBtaliizee in oolurlcu ii(i*<ili'H, 
viiidi liquefy in moist air, and are sparingly wilubh* in wiitt-r. 
Plienic add has an odor like wood-smoke, uuil |»iiKiM*HiH*ai |Niw«r 
U antiseptic properties. Phenic acid is used, as aru alM» (-4r 
kin of its salts (phenatet or earbolates), U\ prevent the spn-aui 
y infectious diseases, and in the treatment of sores which ^ive 
ire discharges : it is also used in the pre|Niiiition (»f a 
tj of "disinfecting" and "purifying" {lowdem, and of 
Carbolic acid soap " used for similar purposes. The dead oil 
rfeoakar, which is used as a preservative of timU*r, proKiMy 
iVBB its antiseptic properties, in part at least, to the carUdic acid 
Aich it contains. 

&qx 128. — Dissolve 1 gnn. of crystallized carbolic lu-id in 
ttcLcof water, and in the solution thus prepared soak a piece i>f 
Mb meat, or a small fish, for one hour, and then hoiig the iiu-at or 
inpto dry. The animal matter thus preserved may Ix* kept uliuo^t 
Mutely in a dry place without undergoing putrefactiuu. 
Oobolic acid may be regarded as the hydrate of the radical phenyl, 
'written C^Hs, HO. It evidently bears the same rt-lation to 
e&jl that the alcohols do to the radicals of the marsh-gus Miiis ; it 
bs^ however, from the alcohols in important respects, and is one 
I dass of similar compounds called phenols. 

176. The dead oil of coal-tar contains several other acid 
ies analogous to carbolic acid : it also contains several l)a8os, 
»ng which is aniline (§ 270), and several hydrocarbons, among 
eh may be mentioned napbthalin (§ 279), and anthracene 
SI). 

77. Trinitroplienic or Picric Acid. — When phenic acid is 

bed with strong nitric acid, a compound known as picric acid 

roduced. It is a substance which forms yellow crystals not 

soluble in water, but possessing great coloring power. It is 

ily soluble in alcohol and ether, and is used principally in 

ng silk. Picric acid may be formed by the action of nitric 

on various other organic compounds, especially on certain 

resins ; on tbe large scale, however, it is manufectured from 

nc or carbolic add. 
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129. — Into a flask of 150 c c capacity, pat two 
fuls of fuming nitric acid. Add cautiously and veiy gradually, )i 
a teaspoonful of crystallized carbolic acid or of the liquefied ayit 
The action which takes place is very violent, and nitrous fumei 
copiouHly (liMengaged. When the action has subsided allow the ft 
to become cold ; yellow crystals of picric acid will be found im 
liquid. 

This experiment should be performed where there is a gi 
draught of air, and the flask should be held at arms' lei^th on • 
successive addition of carbolic acid. 

Bzp. 130. — Dissolve 1 grm. of crystallized picric, acid^ inlSILl 
of water, l^reserve one-half the solution for use in a subseqinm^ 
periment ; warm the remainder gently, and immerse in it- M 
woollen material, — a skein of white yam, or piece of white -fliai 
After a lew minutes, remove the wool, and rinse it in water : it i 
be dyed a brilliant yellow. 

The formula of picric acid is CJS,(N0,),O, or phenic ai 
C,H,Oi in which three atoms of hydrogen are replaced by A 
atoms of the radical NO, ; hence the chemical naniie, Ul-idt 
phenio aoid. 

278. Picric acid is used in the preparation of potasBL 
picrate, which is an ingredient of certain substitutes for g 
powder. The picrates are yellow crystalline salts, yt} 
heated, they are decomposed with explosion : picric acid. l(e 
explodes if heated suddenly, although with care it can be gl 
ually sublimecL Potassium picrate will explode, if struck w 
a hammer. 

279. Haphthalin {Cja,^. — This hydrocarbon is an ab 
dant product of the distillation of coal-tar, occurring especii 
in the dead oil, and in largest amount towards the last part 
the distillation. It is solid at ordinary temperatures, and 
separated from the accompanying liquid products by. presso 
It is insoluble in water, but dissolves in alcohol, and may 
purified by recrystallization from this solvent. It can also 
sublimed unchanged. It forms white pearly crystals greasy 
the touch : it is not readily inflammable, but, when light 
burns with a smoky flame. 

280. Naphthalin enters into direct combination with chlorine \ 
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' homiDe in difliereDt proportions : it aImi fomu, with Xhtap rlrnieiitM, 
j $gte^ namber of sntetitiition componndA, ju* thrv an* ralli-il, 
; These compoandB pre.'^en'e the ty]N* i^f iiu|ihtlmliii, luit in thnii •mi* 
[•more atoms of chlorine f>r bmuiine, or Uith i\w^: i-li-nii iit.<, taki* 
Ifteplaoe of the same number uf atonin of hvilrtp'n. <>ni' ••! th«-M* 
onponiHls furnishes a ^tHxI example of iBomftriam, ililimil in 
\U0. Of the compound who.'H* fonuuhi ih C^^Cl,, thi'H* havi* 
In recognizeti seven flistinct varietieA ; ihut iis thire an* m-\iii 
ids which have identically the fianie iiercenUiKe ccimiMtt<itiiiii, 

to each of which the formula C„^C1, will apply, hut Hlii>h 

from each other in renpect to wtlubility, fuMiii;; |Niiut aii«l Im-. 

to chemical a<|^nt8. Thei<e differences may 1m' iiiia^iiicil U* \m 
to diversities in the arrangement of the atouu* in the M-vnal 

rands. 

281. Anthracene (C^^^) is a white solid, whirh arcinn- 
naphthalin in the hist pro<luct8 of the tlistilhitinn nf idal- 
It is insoluble in alcohol, and may W M^iNinitrd fnnii 

ilhalin by treating the mixture of thew? tw«» Hulwtaiirrs with 
fc solvent, which removes the naphthalin. It is int«'n'stiii^' 
KeAy because alizarin, the coloring matt(*r of the maddcr-DMit, 
■ Rcently been made from it. 

^S82. BestmctiTe Distillation of Wood. — In tho distilla- 
■n of wood, as in that of coal, the natum of th«» j»nMlurts 
pries somewhat according to the temperatun^ omj)loy(Ml. Thn 
P obtained consists mainly of carbim pn»toxi<h», rarbnnir acid, 
tosh-gas and hydrogen ; of the liquid and s<>nii-li<]nid pro- 
ketB,a portion is insoluble in water and is coiujiostMl of various 
Itfrocarbons, some of which have alroa<lv b^'cn studied. Of 
t portion soluble in water, the most iniportiint (M)nstituonts 
) wood-epirit (methyl alcohol, § 230), methyl acetate an<i 
itic or pyroligneons aoid (§ 238). « 

rhe greatest yield of acetic aci<l is obtained by distilling the 
)d at low temperatures. The liquid portion, insoluble in 
er, contains among other bodies, sonic of the homologues 
)enzol, and a body called kreasote, which, when pure, is a 
rless liquid of pungent taste and smoky odor. The peculiar 
: of wood-smoke is owing to the presence of this body. 
15* 
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W Kreaaote possesses vtry powerful enliseptic properties tfl 
and fish may be preserved from putre&L-tion by inunerritfl 
very dilute solution of kreaaote, or by exposure to wood^ 
Much of what is now sold as kreasute is actually GATboliln 
vhiirh, as baa been seen iii Exp. 128, possesses iDarked iM 
tic |>ni[icrtio8. S 

Paraffin (c„H„?) is also among the products of the in 
tion of wood ; but the peraEhn of t^immerce is now oIm 
almost entirely from petroleum. 

In f 267, among the essential oils, was mentioned the dj 
bitter almOBds. Tliis substance is closely allied with the fbi 
series of liydrocarhoiis, and may be most conveniently stB 
at this p)int. J 

383. Oil of Bitter Almonds. — If the kernels of the | 
almond be crushed, there is expresse^l a nearly colorless fisM 
without taste or odor, and identical with that obtained ttm 
sweet almond. If, however, the crushed keruela are mul 
with water, the familiar odor of bitter almonds is soo^H 
oped. Bitter almonds contain a peculiar nitrogenons sq^| 
aiBT^dalin (C^^O„.3 H,0) ; under the influence cf ,j^| 
nitrijgenoua body, contained in the kernels and resembHlJS 
what the diaatase of malt (§ 300), the amyj^dalin is cifl 
into an essential oil, the eueiLce or oil of bitter *^| 
There is formed at the same time a quantity of cyanhyd^H 
(§ 812), which accompanies the essence when it is distil^H 
communicates to it its highly poisonous qualities. The |B 
oil is not pmsonous. 

284. The fnrmula of the oil of bitter almonds is C^O, uaS 
may be r«sarded as a hyilride of a hyiiothetinal radical bnu 
(C,HjO). The relation of tlie oil of bitter almonds to the phi 
series (§ 2G4) is seen by re^^arding it as an aldehyde bearinjj 
same relation to toluol, C.H„ (§ 367), that ordinary aldehyde (§ : 
dcss to ethyl hydride, C^,. It liehiives like an aldehyde: 
contact with the air, it oxidi?.es to benzoic acid (C,H,0,), whii 
to cany out the same compariaoii, answers to acetic acid. 
is also a compound which correspmda to alcohol, benzyl alcoti 
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rbe rektions of theee campomids to each other are ahown in the 

lowing table : — 

^dicaL — EthyL Bthmr. — Ethyl ether. 



Hetbyl-phenyl or 5ciuyL Benzyl ether. 



ZydlidS. ~ Ethyl hydride. Ald«hyd«. — Areti<* alilehyde. 

(C^BJH CAO.H 

Toluol or benzyl hydride. Bitter a1iiic}d<1 uiL 

H C^gO.H 



LlcOhoL — Ethyl alcohoL Aoid. — AceUc acid. 

CAO.HO 



Benj^I aicohoL Benzoic ari<l. 

C^.O,HO 



85. Benzoic add (C^O,) occurs in many balsams, being foimd 
% abundantly in gum benzoin, a sort of balsam containing l>eKid(>a 
loie acid several resins. It may be prepared artiticially from 
er almonds, as has been stated ; it may also be prejuired by 
bzing naphthalin with nitric acid, and heating tlie pruduct with 
&ed lime. Calcium benzoate is thus produceu, from whicli benzoic 
I may be set free. Benzoic acid is a white crystulline solid, of 
rly lustre. 

f benzoic acid be distilled with excess of lime, benzol i^ produced 
Keordance with the equation : — 

CaO + C^O, = C,H, + CaCO,. 

Lime. Benzoic Benzol. Calcium 

acid. carbonate. 

186. The Acetylene Series (CnH,„_,). — Acetylene (c^) 
t transparent, colorless gas, which occurs in small quantities 
illuminating gas. It may be formed by the direct union of 
ton and hydrogen at very high temperatures. It is also 
Bed during the incomplete combustion of other hydrocar- 
s. The peculiar odor noticed when the gas in a Bunsen lamp 
Ds at the lower opening is due to the formation of acetylene, 
tylene bums with a bright flame, and as it is present to some 
int in coal-gas, it doubtless contributes to the illuminating 
% of the gas. 
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CHAPTER XVn. 

CASBOV (continued). 

287. In this chapter several of the natural organic 
pounds will he considered which play a part in the life 
growth of plants and animals, or are the direct product of 
growth. A great number of different compounds occur. ii 
vegetable kingdom, some being found only in particular s] 
of plants, or even being confined to single portions of parti 
plants, while others occur almost universally in nearly all 
table organisms. Among these substances which occur so vi 
diffused are water, which sometimes amounts to 90 per 
of the green plant, woody fibre or ceUalose, gnm, starcli 
sugar. The last-named compound will fast claim our i 
tion. f 

Tlie class of bodies known as sugars contains several vari 
of which the most familiar is ordinary cane-SUgar. 

288. Cane-Sugar or Sucrose (C^JBi^^^n) occurs in the 
of various plants, notably in that of the sugar-cane, beet 
sugar-maple and certain varieties of palm. In this co 
sugar made from the cane is used almost exclusively, bi 
the continent of Europe large quantities are made from the 
root. 

289. Sugar Manufacture. — In the manufacture of cane- 
the juice is extracted from the canes by passing " them be 
grooved iron cylinders. The liquid thus extracted contains nol 
sugar in solution, but also certain albuminous and waxy matter 
has a great tendency to ferment. It is therefore immediately t 
with a small proportion of milk of lime and heated for a short 
The lime serves to correct any acidity and at the same time 
into combination with some of the impurities of the juice ; the 
minous matters, coaj^ulated by the heat, entangle these impuriti 
rise with them as a thick scum to the surface of the liquid, 
scum is removed, and the clear liquid is evaporated in open pan 
of such a consistency that on cooling crystals of sugar separate. 
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GrjstalB, after draining, fonn wlmt i^ kiiuwn ilm hmwu ^\v^:vt \ tif 
mother-liquor which drains oflf i.** iiioljiM««'3t. 

Until recently almost all the Ku;j;ar nuiniifiii-timMl w:l*< rxjtfirifl 
from the place of its pnxlui'timi as ** hmwu" or **iiiiiM-iivailM " -iij-.i, 
U)d was su1>seqiK'ntly refnied in England or in tin* nmiv Ni.nii ::i 
cities of the United Staten. The nfiniuij consist:* in •li-.-nlvinj ihc 
sugar in water, removing the impuriticM ami lolotin;^' ni:iiti r- l<v ti!i>i 
bg the liquor, and jMLSHing it thnmgli luvcrs of jiiiimil <liiir<-'Ml. .ml 
tten evaporating and cry stall izing. Tho cvapomtiou i^ t-Miidii<-ti-l in 
t peculiar manner. If a »»]ution contuiniiig a ct-iiain anKiiiiii 'if 
nmmon salt be evai>onited, the wdt is ivc4ivrn'«l umlian^^iMl. nn \n.^ 
lerhow rapidly or how slowly the fva]Kiration taki-s plan- : ilii- i> 
jiBt the case with sugar. If a solution of Luine-siigar In- Imil.-il. a 
.^attain amount of the sugar underg(H*s a change : it is convrrti- 1 iiit«i 
r^oCher variety of sugar, or rather a mixture of two varii'iii-< ••(' xiil: ir. 
^beae varieties of sugar (which will be consideiv^l hereat'tn) iln iii.i 
out with the cane-sugar, but form the main ]Ki]*t ut tlie 
which drains off from the crystiils. The amount of >u;^ai- w hii h 
tbus changed depends among other things upon the lrn;^'tli of time 
which the solution is lK>iled, and also upon the tnnper.iturf 
doyed. By boiling in 0})en ])ans, much :5Ug:ir is thus hist ; ami in 
sugar refineries the sugJir is therefore hoiled in enormous rlnsul 
or copper kettles, from which the air can be exliaustinl. I'luhr 
circumstances the sugar solution hoilsat a mucli ](»wer tenijH'ra- 
than it would in the open air, and all risk of Imrnin;^' is avi tided. 
len a sufficient degree of concentration is i*eached, the lii[Uor is 
^edfrom the " vacuum-pan," as the kettle is ca]h'<l, an<l all«)we<l 
crystallize. The crystals are drinl eitlier hy aHowin;,' tlieni 
drain in moulds (loaf-sugar), or by foirin;.; tlie niother-liiiunr out 
means of a centrifugal machine (gmnulated sugar). Wlien, l»y 
ler concentration of the li(][Uor which drains off, and by re]H*Mtetl 
Ilizations, the greater part of the sn^nir lias been obtained, 
mother-liquor remaining from the hist crop of cryst^ds is sohl 
ip. Until within a few years, almost all thc^ refining of sugar 
done in England and the Northern Ignited States, and cnonnoua 
ities of sugar are still refined in these countries ; of late years, 
'er, vacuum-pans and other improved apparatus have been intro- 
irito the places where sugar is ])roduced, and very good white 
r is there made dii'ectly from the juice of the cane. The follow- 

Ixperiment will illustrate the principle of the vacuum-pan alluded 
ove. • 
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Bxp. 131.~Fill a round-bottomed flask of fiOOcc capacUjhilf 
full of wutiTy and boil it over the lamp. Wben the boiling has «■» 
tiniu^l fur M>uie time, and the air in the upper part of the flaak bi 
been ex])elled by the steam, remove the lamp, grasp the neck of tte 
ILutk with a dry warm towel and immediately insert a tightly fittni| 
cork. Sup])ort the flask in an inverted position and pour cold iiatB 
over the bt^ttom, which is now uppermost, so as to condeme A»l 
steam ; there will be formed a vacuum above the water and boiling vil 
recommence. This may be repeated several times, until the wiMi: 
has cooled down to a considerable extent. 

290. The process of the mauufiEu^ure of sugar from the hut^ 
is very similar to tliat already described. A comparati 
small quantity of sugar is made in the Northern United 
by concentrating the sap of the sugar-maple, and in the 
quite considerable quantities are made from the juice of sevoil [ 
varieties of palm, es])ecially the date-palm. 

The sugar obtained from all these sources is identical 
that obtained from the sugar-cane. Care is, however, reqi 
in the purific^ition in order to remove completely a peculiar tastoj 
which b(^trays the origin of the sugar. Maple-sugar and palah = 
sugar arc sold in the crude state, the peculiar taste being agmt^ 
able to many persons ; beet-sugar is always refined, as the tlMtK 
of the crude article is offensive to every one. jl 

Ezp. 132. — Stop the neck of a funnel loosely with a bit »'!» 
puiiiice-stone and fill it nearly to the top with common maple-sugtff ^ 
which has been reduced to a rather fine powder. Prepare a satoral^ 
Roliiticm of sugar by dissolving 50 grms. of white sugar in 20 cc »• 
hot water, and allowing the solution to cool. Pour some of this soll*^ 
tion upon the maple-sugar as it lies in the funnel, so as to make • 
layer 0.5 c. m. thick : support the funnel in a small bottle, cover *■ 
with a sheet of paper, and let it remain for some time. The solutio* 
of sugar will gradually work its way through the maple-sugar, a0" 
being already saturated, it will not dissolve any of it ; it will, ho«^ 
ever, carry with it a considerable quantity of the coloring matter aPf 
when the maple-sugar has drained, it will be much lighter eoixa^ 
than before, and will have lost^ to a certain degree, its peculiar taste* 

291. Sucrose is readily soluble in water, and may be oP. 
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tuned fiK>m its solution in laige iranii|)aruut crysUU, rock- 
0illdy. SucToee melts at 160^ to a colorl«a!« li(|iu(i, which on 
cooling forms a thuisparent amber-colored maiWy barley-filgar. 
When sucrose is heated to 215% water is given otr, iind a bn>wn 
mass, caramel, remains. 

"Exj^ 133. — Heat cautiously a small quantity uf white 8Ugar in a 
xxrcelain dish until it melts. Allow the piiHty liquid to c'.<n>I rap- 
dly ; the . product is barley-aogar. Heat a^aiii to a ntill hi^^'hcr, 
)at not too high temperature ; the sugar turns bn»wii, froths, j^ivrs 
»ff pungent vapors and there remains a dark brown nuiss, which i^ 
larameL This substance is soluble in water, auii is U8e<l t(» I'olor 
oaps, ale, wines and so forth. If sugar lie lieated rapidly and mtiuT 
trongly, it will take fire and bum, leaving a black carljoiiaci'ou.s 
esidue. 

292. When a solution of sucrose is subjected to the action (»f yciLst, 
he sucrose is converted into two isomeric (sec § 240) varieties uf 
agar, dextrose and levulose, in acconlance with tlie e<[uation : 

C.A.O.. + H.O = C^,.0. + C.H.,0. 

Bacrose. Dextrose. Levulmte. 

The same change may be effected by simply l)oiliii;^ the solution of 
ncrose for a long time ; it may be effected more mpidly by the ad- 
fitidn of a small amount of almost any organic ai'id or of one of the 
Wronger acids, such as sulphuric or chlorhydric. Tliese facts have a 
poetical bearing on the manufacture of sugar ; for, as has l)een aln»ady 
rtated, a considerable amount of cane-sugar is lost, even in the best- 
ttnducted processes of extracting it from the juice and refining the 
pode product. 

293. The most striking physical property of sugar is its action 
Vpoa polarized light. If a beam of polarized light be passsed through 
I aolution of cane-sugar, the plane of polarization will be rotated 
fowards the right : the same is true of dextrose, though in a less 
itgree, and hence its name (Latin, dextra, the right hand) ; levulose, 
• the contrary, turns the plane of polarization to the left (Latin, 
«w, the left hand). The amount of rotation in any case depends 
l^n the amount of sugar in the solution examined, and upon this 
act methods have been based for the quantitative estimation of cane- 
*gar in sirups or solution tliereof. 

294. Dextrose, Grape- or Starch-Sugar (C^Hi^O.), also called 
ftljMwey occurs together with sucrose and levulose in many i^* 
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fruits, such as apricots, peaohes, pineapples and strawbemei; : 

together with levulose it occurs in honey and in certain finstl^ i 

among which are grapes, cherries and gooseberxies. The mgst ] 

formed in dried fruits, such as raisins, which have candiedf k ' 

grape-sugar. It may also be prepared by boiling starch in witff 

acidulated with sulphuric acid. j 

j 
Bzp. 134. — Into a flask of 250 cc capacity, introduce lOOcfri 

of water. Add I c c of strong sulphuric acid, and heat the mixtni I 

to boiling. In a porcelain mortar, rub 10 grms. of starch with enoq^./ 

water to make a cream, and pour the mixture, little by little, into tbf ^ 

boiling liquid, taking care not to interrupt the boiling. The flianj^^ 

dissolves withtmt fomung a paste. Boil for three or four houn^ n-1 

placing from time to time the water lost by evaporation, and then aSlf- 

powdered chalk (calcium carbonate) until the liquid is no longer aci£ 

When the mixture has become cold, filter off the insoluble caldiAi 

sulphate formed by the action of the sulphuric acid on the calcinAj 

carbonate, and evaporate the solution at a gentle heat to a sin^^ 

consistency. The solution contains dextrose, which on long stanciiiHJ: 

may separate from the liquid in crystals. 

Dextrose may be obtained from cellulose or woody fibre (§ 30tf)|f 
by treating linen or cotton shreds, or even sawdust, with strong sul- 
phuric acid. The mixture is allowed to stand for 24 hours, and tW. 
dilute<l with a large quantity of water and boiled. The acid is sdHi^: 
sequently neutralized with chalk, and the dextrose obtained, as i* 
Exp. 134. In these experiments, the sulphuric acid acts in some vSf' 
ex])lained manner by its simple presence. When the reaction ■-■ 
completed, there remains in the solution the same amoimt of sulphuiw' 
acid as was added in the beginning of the experiment. 

295. Dextrose may be obtained in crystals which contasJ*' 
one or two equivalents of water ; it usually occurs, howevrfr 
in the state of a thick solution, as in Exp. 134, or as it exia*" 
in siriip. It is used in the manufacture of alcohol (§ 220)i 
in the sweetening of certain varieties of wine and beer, and v 
sometimes employed to adulterate cane or beet sugar, especially 
in confectionery. It possesses less sweetening power than cao-^ 
sugar. 

296. Levulose or Fmit-Si^ar {cja.J>^) occurs nuxed wit^ 
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9 or both of the preoedixig yarietiefl of nu^r, in h<»nev 
i in many kinds of fruits. It is formed together i^-ith dex- 
se, when ordinary sugar is boiled, and hence occun in mo- 
les. It may be made from inulin, a variety of sUrrh o)v 
led from the dahlia and some other plants, in the winio way 
which dextrose was made from common starch (Bzp. 1S4, 
94). It does not crystallize : by evaporating its solution, it 
btained as a colorless, amorphous mass. 

97. Under the influence of yeast, both dextrose and Icvulost^ uii- 
1^ fermentation, carbonic acid and alcohol being formed. Cuik*- 
a does not undergo fermentation directly, but in firHt chuiigi'ti 
' a mixture of dextrose and levulose. 

198. A characterististic test for daxtroM and lemlose is 
rded by their chemical action on an alkaline solution of a 
of copper. 

Izp. 135. — To a dilute solution of copper sulphate, add enough 
itic potash solution to dissolve the precipitate which fonns ut 
;. To a portion of the solution thus prepared, add a few dn)jw of 
)lution of white sugar, and warm tlie mixture : no change takes 
se. To another portion add a solution of grajie-sugar, and warm 
mixture : a yellowish precipitate of a hydrate of copper forms in 
liquid, and by the boiUng is converted into the red copper sub- 
ie. By means of this test, the presence of dextrose and levulose 
f be shown in molasses or sirup. 

^99. Lactose or Xilk-Sugar {C^^^O^^) is an animal product 
trly related to cane-sugar. It is less sweet and less soluble in 
ter than cane-sugar. It occurs in the milk of the mammalia, 
I is obtained, chiefly in Switzerland, by evaporating the whey 
cows* milk : it crystallizes in hard, gritty crystals, which con- 
a one molecule of water of crystallization. 
300. Fermentation. — As has already been stated in § 225, 
1 illustrated by Exp. 100, § 226, the juice of various fruits, 
aqueous solutions of grape-sugar, in the presence of an organ- 
d substance known as yeast, undergo a change. The sugar 
gradually converted into alcohol, while carbonic acid escapes 
m the liquid. Cane-sugar, as such, does not i'«'^'»Tgo this 
16 
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ftrmentatloii, but is fint converted into a mixture of dextiQ 
and levuloee. Lactoee, when pure, is not susceptible of feime 
tation, although milk can be fermented. In this case, then 
fdrmed along with the alcohol a quantity of an acid called lid 

FemMDted Liquotw. — Winea. — Tlie yarions sorts of wii 
are produced by the spontaneous fermentation of the juice of gnf 
No yeast is necessar}^ as simple exposure to the air causes femttn 
tion to set in (see § 225). Sweet wines are those in which thi 
remains s portion of grape-sugar, which has not been converted ii 
alcohol. Champagne is wine that has been bottled while active f 
mentation is going on, and contains a considerable amount of caiboi 
acid in solution. 

Ala and Beer. — The seeds of all plants contain a certain jk 
pArtion'of a l)ody known as starch (§ 301). By treatment with y< 
dilute sulphuric acid, starch may be converted into grape-sugar (i 
Exp. 134, § 294). A similar change takes place in the germinati 
seed under the influence of a substance called d i aat a— , which 
developed in the seed. Advantage is taken of this fiEu^t in the mai 
facture of ale and beer. 

Ale and beer are generally prepared from bariey. The grain 
caused to germinate, by placing it under favorable conditions of mc 
ture and temjierature. When the germination has reached a oerti 
point, it is checked by drying the grain at a sufficiently high tempe 
ture ; the product is now known as malt, and the process is tem 
malting. The malt is ground and heated with water for some hot 
nearly to the boiling-point. Under the influence of the diastase 
veloped in the grain during the malting, the starch is converted i 
dextrin and sugar. To the infusion thus obtained, the ^"ort, 
added the proper amount of yeast, which causes fermentation 
set in. 

The proportion of alcohol in the various beers and ales varies ft 
3 to 9 per cent : beer also contains some acetic acid, the various i 
uble mineral substances of the grain, some unaltered sugar- \ 
dextrin, some diastase and coloring matters. The bitter tasti 
imparted by the addition of hops before fermentation begins. \ 
foaming is caused by free carbonic acid, the peculiar consistency 
the foam being apparently due to the presence of dextrin. 

Other Fermented Liquors. — The juice of almost all fruits r 
be fermented with formation of alcoholic lic^CLOt^ *. >i3ti"viE ^\^« N& 
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Isrmented juice of the apple ; pemr in nude from pfarn. Fmni th<- 
juke of the cnmnt, gooeebernr, blackbem*, etc., f«>nii«*iit«tl li«{ni'r^ 
are obtained popularly called wince. Tbe Booth feiea inUndcm % r 
ment the juice of the cocoanut ; tbe Ettteni natiuiiH obtain an inti»xi- 
cating liquor from certain pulnifl. 

Distilled Liqnon. — Abetilule alcohol mar l»e f))itain«><l br re- 
peated distillation of any fennented liquor, ami final nvtitii-atinn 
(jifer quicklime ({ 227). When, howerer, tbe liquorB are FiniplT 
liiBtilled, there is condensed with tbe doohol mnre or )fw \i.itpr, 
together with certain volatile bodies, which communiiatu ndistiin live 
flaTor to the product Brandy is obtained by distilling winr : ;{in ii« 
ifHiit, flavored by distilling it with juniper-berries ; whinki-y im pre- 
pared by distilling wort made ftom com, rye or otlier ^siva ; rum 
was originally made by fermentiqg molaww, and subji't-ting the pro- 
duct to distillation. 

301. Starch (C^oOj is an organized body found in wh<>at. 
Baize and all other grains, in the tuliers of tlic {MiUito, in th<* 
loots and stems, or in the fruits of many otlicr plants. The 
following experiment will illustrate the man nor of olitaiiiin^ 
ft from the potato, which contains on the avcrap* 2(» jht (■«nt 
of it 

Bzp. 136. — Reduce a clean potato to pulp by wrapinj,' or ^rat- 
D^; mix the pulp with water, arid squeezt? thn)UjTh a linen <>? iM)tton 
doth, repeating the operation several times. The woody fibn* or 
ttfltdose, of the potato remains on the cloth while; the stanih ])asses 
ftiottgh the meshes, and remains suspendwl in the filtrate. Allow 
ttte liquid to stand until the starch has settled, then pour off the 
*ita, and dry the residue. 

302. Stareh has the appearance of a white powder, but under 
we microscope it is seen to be made up of distinct rounded or 
'^^ grains, which vary somewhat in size and appearance ac- 
tttding to the particular plant from which the starch was de- 
fined. The grains of potato-starch are about ^^^ inch in diame- 
ter; those of wheat-starch, yxjVtt inch ; those of rice-starch are 
•Wt -^jf of an inch. Fig. 62 represents the grains of potato- 
•terch very much magnified. 

303. Starch is almost entirely insoluble in water, but when 
^tMin water to about 70'', the grannies aweft wi<8l WcftX.^ «ci<i 




the mixture fonua a jally or paste (Exp. 89, 5 W 

paste is used \ij tbe I 
firessea for stiffening I 
A characteriatic properH 
sljirch is its power of I 
injr a blue tolor with il 
(Exp. 39, § 93). 
iog with dilute acid, I 
is converted into dei 
(Exp. 134, § 294). 

Innlln is n sulK<taTice d 
eamc composition oi 
octurn in the roots ■ 
lia, dandelion, chicror; 
other pliinta belonging to the family of eompotitm. It exists H 
plant in s liquid I'onn, it ia soluble in hot water, is not colon 
hj iodine, and by heating with dilute acids is converted ii 
ArroiV'^oot and tapioca ate varieties of starch prepared titd 
roots of tropica! plants. Sago is the starch obtained from the ] 
the saj^o-pulm. The )>eculiitT appearance of tapioca and sago ia 
to the manner in which the starch is prepared, and these v: 
starch, or. rather, flucceeaful imitations of them, are produced ai 
from ordinnty starch. 

304. Dextrin. — When starch ia heated to about 20^ 
converted into dextrin, a substance of the same 
position aa starch, but differing in many of its properties, 
soluble in water, forming a gummy solution, and is u 
of gum-arahic, in the manufacture of adhesive stamps a 
other purposes. 

Bxp. 137.^ Heat carefully in a porcelain dish a teaspoonfoT 
3>owdered starch with constant stirrinj,'. It gradually turns brovm. 
After heating for about five or ten minutes, add four timea its hulk 
af water and b-iil. A solution of dextrin will be obtained, which may 
be filtered from the unaltered starch. To a portion of the aolutiw 
add twice its bulk of alcobol ; dextrin will he precipitated, as it ia ift- 
BOluhle in alcohol. 

i5. If starch bo heated for some time with water contain.-. 
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ing a small amount of sulphuric acid, the starch is convRrt«*<l 
into dextrin ; if the mixture of starch and water l)o heatcNl Htill 
further, or be actuallj boiled, the starch (or dextrin) will lie 
oonyerted into starch-sugar (see Bzp. 134, § 2M). This chaii^'e 
0)i starch to dextrin and sugar takes phice in nature in gcmiinat- 
ing seeds by the action of the nitrogenous substance call(*d dims- 
base (§ 300). 

306. Oluten. — It has been sUted that starch occurs in the 
lifferent varieties of grain : its presence in wheat, as well as the 
presence of another bodj, known as gluten, may be shown by 
the following experiment. 

ZSzp. 138. — Wet a handful of wheat flour with enough water to 
ibake a thick dough. Wrap the dough in a linen or cotton cloth, and 
knead it in a slow stream of water until the water is no lon^T Hin- 
dered turbid. The turbidity is caused by particles of starch in hua- 
pension ; if a portion of the water be allowed to stand, the starch will 
^ deposited, and may be recognized by means of the iodine test. The 
toQ^ viscous mass remaining in the cloth is gluten. In addition to 
these two substances, the wheat flour contains a small amount of 
■agar and dextrin, which, in this experiment, are dissolved by the 
^Uter, and a little oil and woody fibre which remain with the gluten. 

307. Bread. — In the preparation of bread by means of yeast, 
the flour is made into a dough with water mixed with a certain 
^ount of yeast, and the dough left in a warm place to rise, Fer- 
Hientation sets in : the sugar and a part of the dextrin of the flour 
tte gradually converted into alcohol and carbonic acid, and the latter 
\img set free as a gas causes the dough to swell up and become 
p(»on8. When the bread is baked, the carbonic acid is expanded 
still more, and,- as it escapes from the bread together with the alcohol, 
^hich at the temperature of the oven is converted into vapor, it 
communicates the desired lightness to the bread. During the process 
of baking, some water is also expelled from the loaf, and the starch is 
converted into a gelatinous condition. At the outside of the loaf 
further decomposition takes place, a substance like caramel being 
fonued which constitutes the crust The crust also contains dextrin, 
and if the outside of the loaf be moistened and then dried in the 
oven, the dextrin thus dissolved and left again by evaporation pro- 
duces a smooth, shining surface. 

16* 
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.108. CeUulote (C„HbO„) wcurs in all jilonts and ii 
Tarious fnrts uf the plant. It constitntes the outsids 
ocUr of which every vegetable orgBiiiiim is made np, and o 
in a great variety of forms. The grounrl-work of t 
fruit«, likn the apple and pear, of roots like the turnip t 
beet, as well as of all varieties of trees, even the box and thTT 
li^^um-vitjX', ia cellulose. Linen and cotton are nearly pun ' 
celluloee, the fibres themselves being long cells ; but in alniDst | ' 
all cases the cellulose is itccompanied by another substanrt j ' 
which incrusts the interior of the cells and predo mi antes in - 
the cose of the harder woods and in thti shells of the different p 
sorts of nuts. This incmating substance is of uncerliun aaor \ 
position, as it never has been obtained sufficiently puie fn |- 
analysis. It is much more readily acted upon by chemic^ ^ 
agents than cellulose, and by treating woody fibre with aoidi •= 
and alkalies, cellulose may be obtained nearly pure. The lin«et ' 
kinds of filtering {uuglazed) paper are nearly pure cellulose. * 
Tn Exp. 136 the substance remaining in tho cloth was mainlf li 

The percentage composition of ceUulose is the some as that of i 
starch, dextrin and inulin, nndwnnld he most simply espresseil by the I 
formula Ci^mOj. It is probable, however, that the true formtiUot I 
cellulose ia some higher multiple of these nuiabers, not Ii 

30y. I'un^ cellnlOH is a whit« substance insolublo in wateiafl 
alcohol. Strong alk.tli decomposes it with formation of csatii: 1 
acid (^ 322) ; strong sulpliuric acid dissolves it, and on dilntEDg ' 
the solution and boiling, the celhdose ia converted brat into 
dextrin and linally into grape-ngar. By short contact with i 
sulphuric acid of a particidar strength, celhdoso ia converted 
into a semi-transparent, tough substance resembling animal 
njembrane. Paper thus treated is changed into a subatancs 
known as vegetable parchment 

Exp. 139. — To 10 c. c. of water in a poreelain dish add slowly, 
with constant stirriiig, 25 c. e. of strong aulpharic acid. Wlien the 
mixture has Itetcme [itrfectjy cold, immerse in it a piece of filtering- 
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iper. Allow the IMiper to remain ia the liquid for 15 or SO MKsondn ; 
en lemove and rinee thoroughly to remove the acid, ikmt with pure 
iter, then with water containing a little ammonia, and finally h ith 
lie water again. The paper is converted into vegi*tal)le ]>an:hnient. 
the first experiment be not successful, repeat with frush pieces (if 
per^ varying the time of immersion until a good result is olitained. 

310. By treatment with a mixture of nitric and sulphuric 
ids, cellulose is converted, without change of form, into a coni- 
und called nitro-cellulose, pyroxylin or g^-cotton. TWm 
bstance is very explosive, although not nearly as much so ils 
tro-glyoeriOy which is prepared from glycerin in a similar 
anner. In the air it bums with a sudden flash without smoke. 
' burned in a confined space, it produces explosive efforts sinii- 
r to those produced by gunpowder. 

Ghin-cotton is, chemically speaking, cellulose in which a certain 
amber of atoms of hydrogen are replaced by a corresjwnding nuui- 
3r of atoms of the radical NO^ Its exact com^Misition differs ac- 
nding to the strength and proportions of the acids use<l in its fornia- 
on, there being several distinct varieties. 

Collodion is the name given to the solution of a certain variety 
f pyroxylin in a mixture of alcohol and ether. When this solu- 
ion is exposed to the air in a thin layer, the solvent rapidly evap- 
lates and leaves a transparent film of pyroxylin. Collodion is much 
sed by photographers. 

311. OuHL — Onm-Arabic is a familiar example of a class of 
•odies which occur in the juice of almost all plants. Gum-arabic 
zudes from a species of acacia. It is valuable chiefly on ac- 
oimt of forming with water a sticky, mucilaginous liquid. 

The gums are soluble in water, but insoluble in alcohol, as 
Bay be illustrated in the case of gum-arabic by the following 
xperiment. 

Bsp. 140. — Dissolve 10 grms. of gum-arabic in 75 c c. of water, 
[lie solution is facilitated by powdering the gum-arabic, mixing it 
rith clean dry sand and stirring the mucture from time to time, 
^en solution has been efi'ected, allow the sand to settle and pour 
(ff the liquid. 

' To a portion of the solution thus prepai'ed, add half its bulk of 
deohol : the gum is reprecipitated. 
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312. Gnm-arabio is a mizttura of the calciam and potes- 
sium salts of aimbio acid; calcium and potassiom aiabotai 
are soluble in water: many other arabates are insoluble ift 
water. 

Ezp. 141. — To a portion of the solution of gum-arabic of tx^ 
140 mid on ainmoniacal solution of lead acetate (prepared by adding 
to an ac|Ucou8 nolution of lead acetate ammonia- water in quantity 
insufficient to produce a precipitate) : a white precipitate of an aiip 
bate of lead U formed. 

To the class of s;ams belong the exudations from trees like the 
cherry, peach and plum ; but the substances which exude from pinM 
and similar trees, often called gum, as tfpruce gum, for example, belong- 
to a different class of bodies, — that of the resins (§ 316). 

Qum-tragacanth is a mollification of ordinary gum. When treated 
with water, it swells up, but does not dissolve : 4 or 5 grms. of this 
gum are sufTicient to convert a litre of water into a pasty mass. 
Similar to gum-tragacanth is vegetable mucilage, a substance which 
occurs in the root of the luarsh-mallow, and also in flaxseed and the 
seeds of the quince. 

313. Fectose. — In the flesh of unripe fruits, and in such 
roots as the turnip, beet, carrot, etc., there exists, along with 
the cellulose (§ 308), a body to which the name of peotose has 
been given. It has as yet been impossible to separate this sub- 
stance from the cellulose, and its existence has been rathw 
inferred from the products of its transformation than proved 
by actual isolation. By the ripening of the fruit, or under the 
influence of heat, acids or other chemical agents, the pectose is 
changed into pectin, a substance soluble in water, but insoluble ^ 
in alcohol. 

Ezp. 142. — Reduce several white turnips or beets to pulp, by 
grating. Enclose the pulp in a piece of cotton cloth, and wash by 
squeezing in water, until all the soluble matters have been removed, or 
until the water comes oflf nearly tasteless. To the washed pidp, add 
enough dilute chlorhydric acid (1 part by measure of the strong acid 
to 15 parts of water) to saturate the mass, and allow it to stand for 
48 hours. At the end of that time, squeeze out the acid liquid, filter 
it, and add an equal bulk of alcohol. Pectin will separate as a gelat- 
inous, stringy mass. 
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314. The Tiacid gummy juico which ooxm fWim baknd applnn 
k a strong solution of peotiiL The various scjrto of fniit>j«?lliPH 
ue composed of other products of the transformation of pectoie 
(pectic and pectoeic acids). 

fiq». 143. — Stew a handful of sound cranberries coTered with 
titer just long enough to make them soft Obwrve the nponly iu»ln- 
tiim of the firm pectose. Strain through a clotb. The juiov con- 
tuns dissolved pectin, which may be precipitaUid by the uddition of 
alcohol to a portion of the juice. Heiit the remainder nf tbe Jiiiie 
in a flask on the water-bath (see Api^endix, § 17). After a time, 
vhich is variable according to the condition of tbe fruit, and must 
be ascertained by trial, the juice on cooling or standing mdidifies to 
I jelly that dissolves on warming, and re-api^ean on ctKilin;; ; thin 
jelly is peotosio add. By further heating, there may l>e forimM.! a 
jelly which is permanent when hot ; this jelly is pectic acid. 

315. Balaams. — The tenn balsam is applied to tho soft 
inscid substances which exude from the bark of certiiin trei>s, 
cr are obtained in greater quantity by making incisions into 
the wood of the trees. Canada balstim, balsam of Copiiiba, 
iprace gum and ordinary turpentine are examples of this class 
of bodies. The balsams are complex substances : tliey consist 
in the main of an essential oil which hoLls in solution bodies 
of peculiar character known as resins. When the ]>alsams 
»re distilled with water, the essential oil passes over with the 
steam, and the resin remains behind. This fact has already 
been illustrated in Exp. 116, and in tliis exi)erinient it was 
•een that after the distillation there remained in the retort a 
rabstance which, although quite fluid at tho temperature of 
boiling water, solidified on cooling to a vitreous semi-transparent 
mass : it was common rosin, a familiar example of the class of 
xttini. 

316. Besins. — The resins, as has been stated above, are 
pnerally obtained by making incisions in the wood of the trees 
by which they are produced. From these incisions they exude 
nixed with the essential oil of the plant. Common rosin, which 
belongs to this class, is the vitreous mass left on distilling crude 
trnpentine with water (see Bzp. 116, § Sfil). It bums with a 



lokjr fUme, and is used in the prepantion of lamp-black 
({ 161) and rheap varnish. I^uiii copal, mastic, eandanich anj 
nht^Uitc are resins. The mine ni« insoluble in water, but ilti 
solve in alcoht'l, wood naphtha (§ 230), napbtha and oil ol 
turpoiitiiie. The solutions thus ubtained Are called TatHuhM 
When exposed in a thin layer to the air, tbe solvent cvapontM 
leaving a transparent coating of the resin, vhich protects tb 
vnmished enrface from air and moisture. i 

Exp. 144. — Powder 3 gnns. of shellac, mit with a qnanlitj Q 
clvuii wind and jx>ur upon it 3(1 c. c. of alcohol. Allow to stand untj 
tlic shellac has digeolved. Pour a portion of tbe solution into wiUe^ 
the shellac is preripiuited, as it is insoluble in water. 

317. Tbe resins 8e«m in manj coses to be formed by tbe oxidatiffl 
of the essential oil of the plant by which they ore produced, and it] 
a familiar fact that when oil of turpentine is exposed to tbe mi 
absorbs oxygen, and is converted into a sticky, resinous Eubstnd 
During the oxidation ozone is produced, snd its effects are mnnifesHJ 
by its bleaching action on the corks of the bottles in which tbe oS 3 
turpentine is kept. 1 

The resins are made up in the main of several acid bodies, (M 
which rainic add is the principal By the action of bases on leat 
bodies called rtnnata are furmed ; thus sodium resinate, foroiediH 
the action of caustic soda on conimcm rotin, is used in the uianufli 
ture of some kinda of soap ; it is suluble in writer and valuable fl 
account of its detergent properties. Lead resinute is insoluble p 
water and alcohol. 

Bxp. 145. — ^ Dissolve a small anionnt of powdered rosin in alcollol! 
jirepare also an alcoholic solution of acetate of lead by d'ssolviug'f 
portion of the cryatallixed salt in If) times its bulk of alcohol H 
the two solutions and observe the formation of a bulky white pie^lfl 
tale of lead rainatt. i 

318. Own Besins are exudations from many plants whii^ 
being first milky, afterwards solidify in the air. Gntfat-pendtl 
is a tough, elastic substance insoluble in water, which issue 
as a milky juice from cuta in the trunk of a species of tra 
which grows in the East Indies. Gutta-percha ia a mlxtni 
of a hydrocjirbon {C„H„) and several resins. Caontelura 
or India-nibber is the solidified juice of certain tropict 
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phnts. It 18 maiiily a mixtaro of Beveml hTrlmrnrlmnii 
(sCA)- I^ ^ insolable in water, but when treatcMi with 
ether, carbon bisulphide, oil of turpentine or Iwnzol, it Hwolla 
Qp in a very remarkable manner, and finally funuit a fli»rt of 
nhrtion. 

Bzp. 146. — Into a small bottle put several teaxpoonfulft nf oil of 
tnrpentine, and add a few clippings of sheet caoutchouc. Cork the 
bottle and allow it to stand for some time. The ronutrhnnc nwdU 
ip to many times its original bulk, and eventually diMiolvt;^. 

319. CaontehoilO is very elastic, and freshly-cut od^vs r>aiiily 
nonite. When exposed to the light and air for soni^ time, it 
absorbs oxygen and is converted into a sticky miu^s. <':i( inl- 
ine may be made to take up and combine witli a certain pr«>- 
poition of sulphur, forming what is callc<l vulcanized India- 
idiber. This mixture preserves its consistency and its clasti- 
oty through all ordinary changes of tempi^nturp, an<l is not 
rifected by exposure to light. Heated to a certiiin U'nii)oratnre, 
fteyulcanized caoutchouc is converted into a hanl niiuss n'srm- 
Kng horn, and called "hard rubber," vulcjinitc or olxjuito. 
Wia-rabber and gutta-percha are largely used in the manufac- 

I taw of water-proof clothing, tubing for conveying liqui<l8 and 
i*8, combs, buttons, picture-frames and a great variety of other 
|>tieles. 

320. Amber is one of a number of fossil substances resem- 
|Kng the resins. Amber is found principally along the shores 
rf tile Baltic, but also occurs in beds of lignite in other locali- 
[fa. It becomes highly electric on friction. Chemically it is a 

ire of several resinous bodies; it also contains a peculiar 

called succinic add. Only about^ an eighth part is in its 

state soluble in alcohol; but after fusion it dissolves 

readily and is used in the preparation of varnish. 

321. Vegetable Acids. — Among the important products of 

vegetable kingdom are the organic acids which occur ready 

led in plants, either in the free state or in combination, as 

Its of certain metallic elements or radicals. The occurrence of 

sidts of BOvend- of- the feitty acids in- ihe oilb of plan^ ^»i 
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alieadj been noticed. The salts of oleic acid (§ S41) an 
adds classed with it also exist in vegetable fsits and oil 
acids which are to be considered in this place general 
as salts of calcium or potassium. 

322. Oxalic acid (CJElfiJ occurs as potassium oxal 
calcium oxalate in the juice of the sorrel, rhubarb an< 
other plants. Calcium oxalate, though insoluble in v 
somewhat soluble in the juices of the plant: it is,.h 
sometimes' found in microscopic crystals in the cells 
plant. Oxalic acid is very poisonous when taken int( 
the best antidote is chalk (calcium carbonate) or magi 
the oxalates of calcium and magnesium are quite insolul 
pounds. 

323. On a large scale oxalic acid is prepared by m 
thick paste of sawdust with a strong solution of caustic 
and caustic soda and heating the mixture on iron plate 
woody fibre is converted into oxalic acid, and sodii 
potassium oxalates are formed from which the acid is ex 
On a small scale oxalic acid is best prepared by the ac 
nitric acid on starch or sugar. 



147. — In a flask of 500 c. c. capacity, heat gently 
of nitric acid of 1 .38 sp. gr. and 10 grms. of starch. The exj 
should be performed where there is a good draught of air, as 
fumes are copiously evolved. When the evolution of the fu 
nearly ceased, the solution is transferred to an evaporating c 
slowly evaporated to about one-sixth its bulk. On cooling t 
tion, oxalic acid will be obtained in transparent crystals. 

324. Oxalic acid occurs in crystals having the 
C2H2O4 + 2 HjO. The Qfystals lose the water of cry 
tion when dried at 100°, and at the ordinary tempera 
the air they effloresce somewhat. The crystals are muc 
soluble in hot than in cold water. Oxalic acid dissol 
metallic oxides with facility, forming oxalates: on tl 
depends its use in cleaning articles of brass and copper, 
removing spots of iron-rust and ink. 

Szp. 148. — Dip a piece of white cloth in cdnmiCMd writ 
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I when diy immene it in a eolation of oxalic achl, made by (iin- 
nxk^ 2.5 grms. of oxalic acid in 6(> c c of water. Then riniie the 
ii in water : the color will be diacbarged. 

rriting-ink owes ita color to a tannate of iron (§331), which on 
osure to the air becomes nearly insoluble in watt*r. Tlie oxalic 
I destroys this compound and fonns with the irun a nohiblu coin- 
ition. 

25. From the formula of oxalic acid, C,H,0/H,0,C,0,\ tlio 
tence of an anhydride C,0, might be inferred, an oxitle of car- 
intermediate between CO and CO^ 8uch anhydride has, huw- 
r, never been obtained. When oxalic acid is treute<l with rtn>ii^ 
)huric acid it is broken up, the sulphuric acid retaining the H,0, 
. the C,0, dividing into CO and CO^ In fact, this is a common 
J of making carbon protoxide. By distilling alcohol with oxalic 
i, oxalic ether or ethyl oxalate is obtained {CJEL^fifi^. 

326. Kalic acid (C^Oj occurs abundantly in unrii>c np])los, 
i in most acid fruits, such as the gooseberry and curmnt. As 
bassium malate, it occurs in the rhubarb, and cr^'stuls of this 
t may be obtained by evaporating the juice of the leaf-stalks. 
Icinm malate occurs in sumach berries and in tlio sap of the 
pie. In boiling down the maple sap to obtain the sugar, fine, 
cd crystals of calcium malate often separate. Malic acid may 
obtained in crystals, but they are extremely soluble in water, 
d deliquesce in moist air. 

327. Tartaric Acid (C^H,0,). — Tartaric acid occurs in a 
eat variety of plants : the commercial supply is obtained from 
e grape. All varieties of wine during fermenrtation deposit 
1 the insides of the casks a crust called argoL This argol or 
nde tartar is a hydrogen potassium tartrate, commonly called 
bitartrate of potash ; " when purified, it is called " cream of 
rtar : " from argol or cream of tartar tartaric acid itself may 

obtained in transparent crystals, which are permanent in tho 

Bzp. 149. — Dissolve 20 grms. of cream of tartar in 150 c. c. of 
; water, to which 10 c. c. of strong chlorhydric acid have been 
led. To the solution add milk of lime (made by stirring 20 grms. 
slaked lime, calcium hydrate, into 100 c c. of water) until the 
ition shows a disianxsily alkaline reaction. Insoluble caleitUn tar< 
17 
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tnte MttliM to the bottom of the liquid, and should be collected o 
filter and washed. Transfer this calcium tartrate to a flask, add 
c c dilute sulphuric acid (made by adding 10 grms. oil of vitric 
100 c c water), and boil for some minutes. The sulphuric > 
causes the formation of calcium sulphate, and free tartaric acid ii 
in the liquid. The insoluble calcium sulphate is removed by filtnti 
the filtrate is concentrated by evaporation over the lamp to the 1 
of 20 c c and allowed to cooL Crystals of tartaric ^d sepii 
from the liquid. These crystals are drained fr(»n the mother li( 
and pressed' between pieces of filter-paper ; they may be purified 
dissolving them in half their weight of boiling water, and alloi 
the solution to cool, when a considerable part of the acid crystal] 
out again. 

328. Tartaric acid finds important applications in the ail 
dyeing, and many of the tartrates are important compoui 
Rochelle salt is a sodium potassium tartrate : tartar emetic is 
antimony potassium tartrate ; both these salts are used in n 
cine. The so-called ** Rochelle powders " contain cream of 
tar in one paper, and hydrogen sodium carbonate in the oil 
when the two materials are mixed in water, carbonic acid i3 
free, and Rochelle salt remains in solution. 

Ezp. 150. — Dissolve 10 grms. cream of tartar in 175 c. c of 
water, and to the solution add a strong solution of sodium carbo 
as long as the addition produces eflTervescence. Evaporate the solu 
over the lamp to the bulk of 20 c. c. and then allow it to cooL C 
tals of Rochelle salt will be obtained. 

329. Citric acid (C^HgOj) occurs very abundantly in the j 
of the lime and the lemon, and has been found in the ton 
and in most acid fruits. It may be obtained crystallized, i 
one equivalent of water, in large transparent crystals. It h 
sour, but rather agreeable taste. It is used by the calico-pi 
ers, and to some extent in medicine, especially as magnes 
citrate. 

330. Tannic Acid. — Tannin is the general name apj 
to an astringent principle contained in the leaves and bark 
many forest trees, such as the oak, hemlock and pine. 6 
lar substanceB oeour in the leaves and bark c^.-niMiy^'l 
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eefl^ in tins roots of eeiiain plants, ts well as in coff^ snd 
sL These sabstanoes possess an acid reaction, and m^vitiI 
stinct acids have been identified in them ; tho tannin ih-rivi-d 
>m gall-nut is called gallo-taanio aeid; that fn)iii (mk Uirk 
called qnerci-tamiio add; that from coffeis caffeo-tannio 
id. 

331. The principal applications of tannic aeid in tlie arts 
3 in the preparation of writing-ink, and in the manufarture of 
ither. 

Ezp. 151. — Boil 10 grms. of powdered nut-galU in ulNnit W c c 
water for several honn, replacing from time tu time the water 
)t by evaporation : a solution of tannic acid is thus olitaineil. Allow 
e mixture to settle, and decant the clear li([uid into a cli'an iMittlc 
Da portion of this solution ad^l a feW dn>|w of a sohition of rn|>. 
aas (iron sulphate). A violet-colore<l precipitate is foiiiH^tl, which 
idaally changes to black ; it is an iron tannute. If the solution of 
anic acid were made viscous by the addition of a little i^unu the 
iseipitate would remain suspended in the liquid. Coinnioii ink is 
ade from these materials. 

■Szpi 152. — To another portion of the tannic acid solution, nrbl 
lew drops of a solution of gelatin or isinglass. A copious white 
iktinous precipitate falls. 

On the property just illustrated, of uniting with gelatinous 
Utters to form insoluble compounds, de;)endK the use of tannic 
Kd in tanning. If a piece of raw hide from wliich the hair 
iB been removed be immersed iu an infusion of the bark, the 
jriatinous matters of the hide gradually remove the tannic a(;id' 
the solution, and combine with it to form an insoluble 
ipound, which remains in the structure of the hide : the skin 
altered is leather. 
1932. In Szp. 151, it was seen that a solution of a salt of iron 
blackened by the addition of a solution of tannic acid de- 
from gall-nuts. This reaction may be made use of as a 
to demonstrate the presence of tannic acid. 

153. — Boil a few tea-leaves in a small amount of water, 

to the liquid add a drop or two of a solution of copperas. The 

is blackened, and after a time a black precipitate of iron tan- 
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nate subsides. The presence of tannic add may be shown rimihaif « 
ill coffee, in hemlock bark, in horse^hefttnut husks, etc. >'i 

333. GaUio Acid. — The gall-nuts used in Exp. 151 are excmi^ 
cences ])n)(liKtMl on a sjxicies of oak by the pimctures of a certain Wp^ 
sect Besides tannic acid, the nut-p^alls contain a small 
of another acid, gallio acid. Gallic acid may also be prod 
by boiling a solution of tannic acid (from nut-galls) with dilute 
phuric acid. The composition of gallo-tannic acid is CJSL^O^ ; wl 
boiled with dilute sulphuric acid, it unites with the elements of 
and forms gallic acid and glucoae (§ 294). 

C«H,0„ + 4 H.O = 3 C^O, + Cpa„0, 

Tannit; arid. Gallic acid. Glucose. 

Tannic acid is the representative of a class of bodies, which, bj 
reaction analo^i^us to that represented above, yield glucose : they 
hence called glucoaidea. 

334. The Vegetable Alkaloids or organic bases occnr i 
small quantities in various plants of which they constitute 
medicinal or poisonous principles. Tliey occur in combi 
with some acid which is generally peculiar to the parti 
plant in which they are found. They are only slightly so! 
in water, but are readily dissolved by alcohol. They resembb' 
ammonia in containing nitrogen, in having an alkaline reactioii|| 
and in uniting directly with acids to form salts, which as a 
crystallize readily. 

335. Opinm is the dried juice of the poppy. It com 
besides certain gummy, resinous and oily bodies no less than 
alkaloids in combination with a peculiar acid called meconic ad 
Of these alkaloids morphia, or morphine, is the most impo 
as a medicinal agent. It is usually administered as sulphate 
chloride. Morphine or opium in small doses acts as a sedali^ 
in large doses as a narcotic poison. 

Strychnine is a highly-poisonous alkaloid which occurs i 
the St. Ignatius bean and in the iiux vomica, associated wii 
bmcine. Of the two, strychnine is the more violent poisonj 
although both are very powerful in their effects on the li 
organism. 

The bark of the cinchona, a tree found native in Pern, coi 
tains sevei-al bases, of which the most imiwrtant are qi 
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fifthnnina Qniiiiiie xk mkmw Tiliuibl« medicinal proper- 
d is used as a febrifuge ; cinchonine is also employed as 
:ine, but is cf less value than quinine, 
line or Thieine occurs in tea and coffee, and may be ob- 
herefrom in wbite crystals ; thaobromino occurs in cacao ; 
B is the chief alkaloid in tobacco, and is a very violent 

Organie CoUnriiy Xattera. — Nearly all of the orpmic 
; matters used in dyeing are of vegetable origin. They 
)metimes in the roots, sometimes in the stems or bark, 
les in the flowers or even in the seeds of tlie plant from 
they are derived. Some coloring matters occur ready 
iu the plant, others are the result of the action of the 
)me other chemical agent upon natural products. These 
ces in many cases are not chemicaUy relateil to each 
»ut they are classed together on account of their associa- 

the arts. A few of the more important will be here 
led. • 

Madder is the root of a plant grown extensively in the 
I the south of France and in some other localities in £u- 
It is used principally in dyeing reds and purples. The 
I matters do not exist ready formed in the plant, but are 
)d by the decomposition of a body contained in it. The 
ed coloring matter, and the one to which madder owes its 
s a substance called alizarin. 

le action of reducing agents alizarin (C^HgOJ is converted 
liydrocarbon identical with anthracene (C^Hj^), a compound 
y in coal-tar (§ 281) ; and recently chemists have succeeded 
iring alizarin artificially from anthracene. 

ng other organic coloring matters used in dyeing various 
js are Brazil-wood, logwood, saflflower and cocldneal. The 
\ dried insect, which, when alive, lives on a tropical plant, 
i& of cactus. The coloring matter, carmine, is soluble in 

154. — Boil 2 grms. of crushed granules of cochineal in 
water for some minutes. Filter the colored solution and pre- 
T use in subsequent experiments. 









338, Yellow tlje-staSa aw qwrcUron, c-htaiaed 
birk of a variety of oak, /xitic, from the wood of ) 
Indian tree, ttirmerk from the root of an lyiat-Indi 
aiul B C4>loriiig matter obtained from " PersiiUi herries>fl 
tain s[iecin« of licliena bUo yield coloring nuitters ; 
stuffs known u archil, cudbear and litnuu are derivl 

339. Ofeisg. — Ono method of dyeing fibna ta I 
uiiraal and vt^getable origin has been illuetroted by 1 
in wliich simple iminendon of tbe wool in the eolutioa € 
ocid aufticetl to give it & yellow color, 

Bxp, 155, — Intn a worm solution of picric acid prepared 4 
dirt-<:tt!(l in Kxp, 13() put a piuee of cotton cloth or a e]tan of c 
jtm. After the cotton has been imniened in the eolution for toM 
le, Uke it out aud rinse it with water. It will he found that IM 
is not colored. • i 

This experiment illustrates a very important difference bff 
tween the tihpA of vegetable and those of animal origin. QJl 
almost all the vegetable coloring matters, it is true, that thay iif 
not directly produce last colors on cotton or linen, while Ih^ 
readily color articles of wooL f 

Bxp. 156, — Prepare a solution of tbe coloring matter of kp 
wood by dissolving 1 grm. of extmct of logwood in 75 c 6. wMtf 
Allow the liquid to stand for a short time until it becomes neotf 
clear, and then decant it from any iiuoluhle matter which nisj ub> 
side. Place a quantity of the nearly clear solution in a purceliis 
evapointing-dish, put into it a piece of i^otton cloth 5 or li c. m. srputt 
and bnil for some 10 minutes. On removing the cloth, it will M 
fonnd possible to wash ont moat of the dye, leaving the cloth (Biij 
slightly colored. 

Ezp. 157. — Into a quantity of logwood solution eqnal to M 
employed in the last experiment, put a piece of cotton cloth 9 at 
a. m. giinara which has previously been soakeil, first in a solntion n 
common alum, and then in ammonia- water. Boil the solution, sa >■ 
the previous experiment. When the cloth is removed, it will be fonnd 
to be quite strongly colored. 

This experiment illustrates the fact that it is possible to imprfgnaU 
cloth with certain substances which have the power of dragginj 
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in the coloiiiig matter and holding it finuly. Such »uUiUii4't^ iiM' 
called mordants, and as they are generally comjMmndN nf fmuiif of 
the metak, their action will be better studied hereufu-r (§451). 

340. Indigo. — Of the vegetable dy«j, one f»f tho most im- 
portant, and one which poesesees considerable chon)irnl iiitorest, 
is indigo used, as is well known, in pnxlucin^ a very ]N'riiiaii4-nt 
blue color. Crude indigo contains a blue coloiin^' inatt<T wliirli. 
irhen purified, is known as indigotin or indigo-blue. \U t'nr 
inla is OiJlioNtOfl, and it differs from the other coloring mat- 
ers previously mentioned in that it contains nitn)gen. The l>luc 
soloriug-matter does not occur ready formed in the plant, Imt is 
produced by a sort of fermentation. Indigo-blue is iiis<»lu))l«' in 
irater or in alkaline liquids, but dissolves in fuming siilpliuric 
Mdd ({ 135), forming a deep blue solution. 

Bxp. 168. — ^Upon 1 grm. of finely powdered indigo pour 6 gnus, of 
fuming sulphuric acid and let the mixture stand for some hours in u 
irarm place. ,0n the addition of water a deep blue Mjhuion is (>1>- 
tained. Ordinary strong sulphuric acid will dissolve indigo, hut it is 
necessary to take a much larger quantity (in this c^ise aliuiit 12 or 14 
gtms.), and to heat the mixture to about 60" ; moreover, when thus 
heated a portion of the blue coloring-matter is desti'oyed. 

341. The deep hlue liquid formed by tho action of sulpliuric 
acid on indigo contains at least two acid compounds. The solu- 
tion is, however, commonly spoken of as sulphindigotic acid, 
ind is used just as made, or partially neutralized with sodium or 
potassium carbonate, in dyeing the color known as Saxon blue, 
and in the preparation of various sorts of bluing. 

342. When bine indigo is treated witli reducing agents, it is 
converted into a colorless compound soluble in alkaline liquids 
and known as "white indigo.** On exposure to the air, the 
'^hite indigo is reconverted into insoluble indigo-blue. 

Bxp. 159. — Into a test-tube put as much finely powdered indigo 
as can 1)6 taken on the point of a small penknife, and half a tea- 
spoonful of fine zinc filings {zinc dmt is best if it can be obtained). 
Pour into the test-tube two teaspoonfuls of a moderately strong solu- 
tion of caustic soda and heat the mixture : the caustic soda acts upon 
tbe zinc and hydrogen is set i'ree : ji>y the action of tha nascep^ i^vriro- 
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gen the indigo-blae is conveited into white indigo, and the wl 

indigo dissolves in the alkaline liquid, forming a yellowish soliitioi 

The formula of white indigo is CicHitNsOs. When an alka] 

flolntion of white indigo is exposed to the air, it is converted into indi 

bine :— CicHitNsOs + O = CiiHioNfOt + HsO. 

XSzp. 160. — Pour out a portion of the solution of the pieced 
experiment into a shallow dish and observe that in contact with 
oxygen of the air insoluble indigo-blue is formed. 

XSzp. 161. — Dip a piece of white cloth or filter paper into 
liquid remaining in the test-tube. As soon as the moistened dolih 
l)aper comes out into the air it will turn blue. 

The experiment illustrates the method actually employed to k 
extent in dyeing with indigo. Other reducing agents are also v 
(very commonly a mixture of slaked lime and copperas), the act 
of which will be better understood hei'eafter. The cloth dipped i 
the solution of white indigo becomes thoroughly impregnated ix 
this solution, and when the indigo-blue is formed, it is formed wit 
and among the fibres of the cloth, so that the color is ^ fast.^ 

343. Physiological Chemistry. — The study of the vari 
fluids and solids occurring in the living animal, and concen 
in the processes of circulation, respimtion and digestion, belo: 
more particularly to that branch of the science designated 
physiological chemistry, and is not fitted for an element 
manual. 

The chemical relations of the substances concerned in 
vital functions are, as a rule, but imperfectly understood, i 
many of the substances themselves are extremely comply 
thus to albumin has been assigned the formula C^H^jNjgSC 
but such formulse are to be regarded only as rough approxii 
tions. Bodies of like complexity also occur in vegetab 
although the mass of the plant is made up, as we have seen, 
.substances comparatively simple in composition. The m 
particular study of the chemical phenomena involved in 
growth, nutrition and decay, of plants belongs to agricBltU 
chemistry. 

In this place, brief mention will be made of a few of ■ 
more important compounds which occur in animals and plai 
8knd which ^ yet been cotvsVd^T^^i. 
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344 AUraada occun abandantly in many of the fluiib uinl 
aolt M^dB of the animal body. It in moHt familiar as the tthiu 
of the ^(gs of birds ; it is found also in c«>nsi(lGmhle |irr>|Nirtinii 
in the blood, althougli blood-albumin differs in some of its chnr- 
Bcters from ^g-albomin. The most striking ]>ropertif» of ull)u- 
min are its solubility in water, and its coagiUati(»n by heat and 
other agents ; these properties may be exhibited with fresh whito 
rfegg. 

Esp. 162. — Beat or whip the white of an egg to destroy the 
transparent membrane of the cells in which the albumin is held, and 
agitate a portion with water : it duwolves readily. 

fixp. 163. — Add strong alcohol to a portion of the solution ob- 
tained in Exp. 162. The albumin is coagulated. 

Esp. 164. — Place a little of the albumin in a test-tube, ]>ut the 
tube into water, contained in a beaker or evaporating-<lish, and Li^at 
the dish. Observe that the albumin coagulates some time before the 
water is hot enough to boil ; namely, at about 6()°. 

Albumin is a very complex compomid of carbon, hydrogen and 
nygen, and contains also a certain proportion of nitrogen and kuI- 
[Aur. A body of similar composition occurs in vegetables, and is 
called vegetable cUbvmin, To the presence of sulphur in albumin, uiid 
in a somewhat similar body which occurs in the yolk of eggs, is due 
the peculiar odor of rotten eggs ; to the same presence is owing the 
fact, that silver spoons used in eating eggs are stained, silver sulphide 
teg formed. 

345. Pibrin occurs in the animal body in a soluble and in 
^ insoluble state. In the soluble state it occurs in the blood ; 
but when exposed to the air this fibrin coagulates and forms the 
^. By washing the clot with water, a white, stringy mass of 
fibrin is obtained. In the insoluble state it forms the fibres of 
"niiscle ; it may be obtained by washing a piece of lean meat 
'fipeatedly until the coloring matter is removed. In composi- 
fcn fibrin approaches albumin, but contains more oxygen and 
"tttrogen than albumin. A similar body called vegetable fibrin 
^Urs in gluten, 

346. Casein occurs in the milk of animals. It bears some 
f^semblance to albumin, but is not coagulated by heat. It is 
coagulated hy acids and by rennet, the imvei ifiLi^ic^T^T^!^ ^1 
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the stomach of the cal£ Advantage is taken of tfals &ct in 
the manufacture of cheese, which is made by wanning tht 
milk in contact with rennet ; the casein is coagulated and 
rises to the surface carrying with it the fatty matters heU 
suspended in the milk. The eurd thus obtained When pressed 
is chiMte. 

347. Milk consist? mainly of water holding in solatin 
casein, milk-sugar and certain salts, such as sodium and pota^ 
slum clilorides, and the phosphates of calcium, magnesium ind 
the alkaline metals. It holds in suspension a number of oilf 
globules, and when allowed to stand quietly these globules liH 
to the surface, forming the cream. The residue, after the remonl 
of the cream aud the coagulation of the casein, is the v^tej/* 
Butter is made by agitating the cream, so as to break up thQ 
little globules of oily matter, and allow it to collect together 19 
one mass. ^ 

Z|zp. 165. — Allow Boroe fresh milk to stand until the cream \m 
risen to the surface. Remove the cream by skimming, and to thi 
Rkimmed milk odd a little dilute sulphuric acid. The uiilk is curdld^ 
that is, the casein is coagulated and rises to the surface. 

348. Legfomin is a substance which resembles casein ; if 
occurs in peas, beans, etc. The Chinese make a sort of vege- 
table cheese from peas. 

349. Gelatin and Olue. — Gelatin is a body consisting of 
the same elements as albumin, but in somewhat different propcMC*- 
tions. Gelatin is obtained when' the bones or skins of animall 
are boiled in water. It is soluble in boiling water, but the solor 
tion gelatinizes on cooling. Glue is an inferior variety of gela- 
tin, made from the parings and refuse of ox-hides. Isinglass is 
made from the swimming-bladder of sturgeons and other fishe% 
and is nearly pure gelatin. 

Gelatin does not occur ready firmed in the bones, skin, etc^ 
but is produced by the action of boiling water on a substance, 
so contained. This substance is called ossein; a somewhat 
similar substance, which occurs in the shells of lobsters and 
crabs, and in the skins of earthworms, is called chitin. 
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Ezp. 166. — Immerse a clean b<me in dilute • hloHiyiirii' ai i 1 
(made by diluting the commercial ucid with hx tiim-M it.'* hulk ••! 
water). The niiueral jMirt of the lM>n(; will «;niilually <li^?N»lvi* a\\.i\, 
and after three or four days there will lie left a llt-xiMe hnl><t.iti< <• 
which presences the shajM: of the 1>one, ami when dry Ii.ih a tiaii>lii- 
cent, homy appearance. This is (Miriti. 

Exp. 167. — Boil the ossi-in of Exp. WA) with watrr fnr m\imI 
lours. It dissolves almost entirely, In'ing converte«I iuti) ^nl.iti:.. 
; Allow the solution to cool ; it will gelatinize. 

r 350. Decay of Organic Sabstances. — Or^nii: Fu])stan't->, 
^partly on account of thii complexity of their structun', an* vrrv 
Sable to undergo change. This is esjH'cially tnie of suhstm(«s, 
which are the immediate product of animal or vogetihhj lift-. 
The ultimate or final pro<luct3 of the decay of animal or 
"W^tablo matter are mainly carbonic acid and water, siiicr 
Sie greater part of all organic matttT is made uj) of carlMui 
■nd hydrogen (and oxygen). This cumpletii conversion lakts 
place when the substances are exposed to a high temiH'niture 
with free access of oxygen. In the ordinary processes of 
teay, however, a vast variety of intermediate jinulucts are 
fcnued, some of which are very ofTonsivo, esp(»cially when 
wlphur is an ingredient of the decaying substance. JJy th(j 
feay of substances containing nitrogen amnion Id is fonned, 
tad, under certain conditions, nitric acid: nitrates are always 
feuid in the soil and in well waters of thickly inhabited loeali- 
fe, and calcium nitrate is made artificially by allowing nitro- 
jKious organic matter, mixed with lime or plaster, to decay 
■bwly in the air. 

351. The intermediate products of the decay of organic 
•fibstances are as a rule imperfectly know^n : certain forms of 
«eeay, such as the various sorts of fermentation, have been 
^f^fully studied, but in other cases, as in the slow decay of 
^Oody fibre in the soil, little is known with certainty on ac- 
^Unt of the difficulty of isolating the various compounds in a 
tate of assured purity. Even in the case, however, of simple 
Mentation of grape-sugar, the chemical changes are by no 
leans as simple as might' at first appear from Exp. 100» § 226. 
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Although the reaction of § 193, which represents the convO' 
siun of the sugar into carbonic acid and alcohol, expresses 
lUiiiii reaction which occurs, yet, in addition to these prodi 
there are formed several other bodies in greater or less amount:: 
tlius lactic and succinic acids, glycerin and a brown subs 
resembling caramel are among the usual products of alcob 
fermentation. 

352. The natural decay to which dead organized bodies 
prone may be arrested more or less completely by the use 
certain chemical agents, or in some cases by the simple 
sion of air. Warmth and moisture are among the condil 
favoiiible for the beginning of decomposition ; in a cold c 
or in winter, animal substances may be kept for a much lo; 
period than in summer. 

Among the cliemical substances used as antiseptic or 
servative agents are common salt, which is used in the c 
of meat and fish ; wood-smoke, which owes its virtue to 
kreasote (§ 282) contained in it, and which is used in the 
ing of liams and other articles of food ; kreasote itself and 
bolie acid, tlie use of which was illustrated in Exp. 128 ; 
the dead oil of tar (§ 275), used in preserving timber, 
effect of the exclusion of air is illustrated in the canning 
fruits ; also by the domestic processes of " preserving " fruili 
by immersion in strong sirup. 



CHAPTER XVIII. 

SILICON AND BOBOK. 

SILICON (si). 



-1 

353, After oxygen, silicon is the most abundant and widetf 
diffused of all the chemical elemeiits. It occvcca Vw '-nTi-iViTntikJ 
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oxygen as liliea and in combination with oxy^^un and 
IIS metallic elements as lilicatet of those elements. 
i. Silicic anhydride or Silica (8iO,) ticcurH in nature as 
I, ilint, rock-crystaly agate, etc. It occurs also in plants, 
ularly in the outer covering of the stalks and the husks 
lin. The cuticle of rattan, for example, contains a ljir^r« 
rtion of silica, and the same remark is true of most of the 
B and grains. The value of the plant calle<l horse-tail 
return) as a polishing or scouring agent de{>ends uiK)n the 
quantity of silica contained in it. 

. As it occurs in nature, lilica is insoluhle in water, ])ut 
res with more or less difficulty in caustic soda (or jMitash), 
ig sodium (or potassium) silicate. The p<>t4i«siuni and 
a silicates are used in the arts under the name of water- 
or soluble glass. 

I. 168. — To a concentrated solution of water-j;lass containe<l 
iiall evaporating-dish, add enough strong chlorhydric acid to 
he solution acid. There will separate a thick jelly-like muss 
ic acid (H^SiO^. Evaporate the contents of the dish to tlry- 
i a water-bath, and then heat the rt'sidue gently over the gus- 
The mass will contract in bulk, and, on adding water, there 
main undissolved a fine white powder of silicic anhydride. 

I. 169. — Take a very dilute solution of water-glass, and add 
chlorhydric acid drop by drop until the liquid has a decidedly 
action. No precipitation will occur : the silicic acid which is 
», as in the preceding experiment, remains dissolved in the acid 

I possible, also, to prepare an aqueous solution of silicic acid, 
these solutions Ije evaporated to dryness and the residues 
, there is formed in each case the insolul?le silicic anhydride. 

- Silicates. — Silicic anhydride combines with many 
3 metallic oxides to form silicates. Hundreds of sili- 
occur in nature as crystallized minerals ; thus ordinary 
ar is a double silicate of aluminum and potassium, com- 
inica is a complex silicate of aluminum, iron and potas- 
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357. Olass. — Brides the silicates which occur in natoM 
there are artificial silicates of great importance in the aits ttljl 
in every-day life. Sodium silicate (water-glass), which hi^^ 
already been alluded to, is extensively used by calico-prii 
and soap-makers. Its chief use, however, is as a compoi 
of common glass. The various glasses of commerce are 
tures of a highly silicious silicate of sodium, or of pol 
or of both these substances, with silicates of other metals, 
as calcium, aluminum and lead. The silicates of the 
metals are non-crystalline and soluble in water, the silicates 
most of the other metals have a tendency to assume the 
talline form. It has been found that, by combining the 
line silicates with the silicates of certain other metals, such 
calcium, there may be obtained compound glasses which, 
they retain the amorphous character of the alkaline silic 
are capable of resisting the action not only of air and 
but even of acids and alkalies, to a very great extent ; 
ordinary window-glass is composed of silicates of sodium 
calcium ; Bohemian glass, suitable for ignition-tubes, consists 
silicates of potassium and calcium ; flint-glass contains silicat 
of potassium and lead. Bottle-glass is a mixture of silicates 
calcium, aluminum, iron and sodium. The silicates of some 
the metals are colored : the green color of bottle-glass is due 
the presence of ferrous silicate ; cobalt silicate gives a beautii 
blue, manganese silicate a violet and uranium silicate a yejloi^ 
color to the glass. :' 

358. Silica and the silicates are readily attacked by fluQif 
hydric acid, as has been already seen (Exp. 41, § 100)j 
When silica is treated with dry fluorhydric acid gas, there i 
formed a gaseous compound known as silicon fluoride (SiFJ 
which, in contact with water, decomposes into gelatinous 
cic acid, and another compound known as fluo-silicic 
(2HF,SiF,): — 

3 SiF, -f 4 H,0 = SiH.O, + 2 (2 HF,SiPJ 

IrJEp. 170. — Into a perfectly dry tube of hard glass. No. 5, cl< 
at one end, drop a small quantity (as muck ^^a ca.w \i^ \aJiL^\i. ^\!l 



[{tul part* of line (|UnKi 
fluonle). MiiioUMi tlui 
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t of ft penknife) of * mixture 

and powdered floor-epar (cftli 

with a drop of atrong suiphuric Mill, aikI 
in the flame of the lamp. Utueoui i>ilicin 
!de will escape from the tube, aiid if a droj) iif 
~ia the loop of a bit of platinum wire, or on a 
ill glass rod, be held at the mouth of the tuliv, 
riiter will become cloudy from the depotiitiun 

9. Silicon (8i) may be obttuned pure from 
npound known aa potassium fluo-silicate. 
i allotropic conditioni are known cor- 
nding to the three modifications of carKjii 
4). The amorpbotis variety is a brown 
er which bums readily in ait or oxygt^n, 
ng silicic anhydride (SiO,). The atuiiiiu 
It of silicon is 28. 
). Silicon in Organic Compoonds. — The must ini]>or- 
of the oi^iiic compounds containing silicon ttru the h<i- 
I silicic ethers or the silicates of the organic radiriib; ; 
methyl silicic ether is (CH,),8iO, ; pthyl silii;ic ethiT i^ 
),SiO,, etc. These are all artificiiil bodies ; they are vohi- 
1, inflammable liquids having generally an ethereal 




BORON (b). 

1. Boron is found in nature in combination with oxygen, 
iroclo acid, and in combination with oxygen and some 
lie element, the most important compound being SOdium 
ate, commonly called borax. 

certain volcanic diatricts in Tuscany, jets nf steam mixed with 
vapots escape continually from cracks in the soil, and bring to 
irface small quantities of boracic acid. Since boracic acid is 
ilatile, in the ordinary sense of the term, at temperatures as tow 
•°, it appears that it is transported mechanically by the steam, 
in the same way that dust ia carried along by a current of air. 
ets of vapor, laden H-ith boracic acid, are made to bubble 
■b water as tbey escape from the earth, and t\ve BO\D.\iiQ'n. V\a\!< 
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obtained is evaporated in pans, beneath which hot currents of vapoX 
from the earth are caused to circulate, until it is concentrated to sudi 
a iK)int tliat on cooling the boracic acid crystallizes out. 

362. Boron (B). — Of boron itself little need be said. It 
resemble;* carbon in that it may be obtained in an amorphous 
condition like charcoal, and also crystallized like the diamond. 
The atomic weight of boron is 11. 

363. Boracic acid (H,BO,) is but a feeble acid at ordmaiy 
temperatures ; it may be set free by treating any borate with 
almost any acid, excepting carbonic acid. 

ZSzp. 171. — Dissolve 4 grms. of powdered borax in 10 grms. of 
boiling water, in a beaker-glass or jwrcelain capsule of 30 or 40 a c 
capjicity, and add to the solution 2.5 grms. of concentrated chlo> 
hydric acid. As the solution cools, boracic acid will be deposited in 
the form of glistening, colorless plates or scales. 

364. Boracic acid imparts to the flame of burning alcohol 

a peculiar gri'on tint, which is quite characteristic, and afForda 

a valnablt'. test by w^iich the presence of the acid may b© 

detoctod. 

Bxp. 172. — Dissolve a little crystallized boracic acid in a tea- 
spoonful of alcohol in a small porcelain caj^sule. Set fire to the 
alcohol and stir the burning solution with a rod, or agitate it by jarring 
the dish. The flame of the alcohol will be of a fine green color. 

365. Boracic anhydride (Bp^) may be prepared by heating 
crystallized boracic acid, as follows. 

Exp. 173.— Heat on a clean piece of platinum foil some crys- 
tallized boracic acid. The crystals will first dissolve in the water 
which they contain, or, as the fact is usually stated, they will 
" melt in their water of crystallization " ; if the heat be continued, 
the mass will become ])asty, and will swell up as the water is expelled. 
After all the water has been driven off by strong heat, the anhydride 
is left as a clear, viscous liquid, from which long threads may 1* 
drawn out by touching to the surface of the liquid the end of a stick 
or glass rod, and then gently pulling away the stick with the mattei 
which has adhered to it. 

If the fused mass be allowed to cool, it will solidify to a hard, 
transparent glass, which soon cracks in every direction and splits ii| 
into fragments. 
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CHAPTER XIX. 

80BIU1I (Va). 

366. This abundant element is chiefly found in nature in 
state of chloride, nitrate, carbonate, borate and 8iliciit4\ 
He most abundant of its compounds is common tall, whicli 
i the combination of sodium with chlorine (NaCl). On iu;- 
)ant of the inexhaustible abundance of cuiniiion salt, this 
ibstance constitutes the chief source from which all immu- 
itured compounds of sodium are more or less directly dtv 
'cd ; one other natural sodium-containing mineral, hcjwevcr, 
serves mention as a source of sodium compounds, — the 
neral cryolite, — a double fluoride of sodium and alunii- 
m (§ 98). 
36V. Sodium Chloride or Common Salt (NaCl). — This natu- 

mineral ib, when pure, a colorless, transparent, anhydn)us 
•ne, which crystallizes in cubes, dissolves readily in about 
cee times its weight of cold water, and possesses a specific 
ivity of 2.15, and an agreeable taste, which, because familiar, 
the representative or type of that peculiar savor called saline. 
saUne taste means a taste suggestive of that of common salt, 
st as the phrase, ''saline substance,*' characterizes a very 
?ge class of bodies which resemble more or less in appearance 
d properties the longest and best known of all such substan- 
3, — common salt. 

There are three sources of salt, — the beds of the native min- 
il, saline springs and sea- water. In all cases in which the salt is 
tained from its solution in water, evaporation by fire, or by the 
at of the sun in warm, sunny climates, is necessary. When pure 
augh, the rock-salt is mined like any other ore, but when it is 
xed with earth or other impurities, as it lies in its natural bed, the 
ubility of the sodium chloride in water is availed of to free the 
t from its insoluble impurities, and to facilitate the lifting of it to 
) surface of the earth. Water is let in to the bed of salt, and 
7wed to remain there till it has become saturated ; the brine is 
18* 
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then pampcd out and evaporated. Some natural brine-springs contai 
BO Hniall a proportion of salt that some cheaper mode of evapoiatic 
than by tire is essentia] to their profitable working. Such waters a 
concentrated by a process termed graduation. The brine is pump 
up to a sufficient height, and then allowed to trickle slowly over hn 
stacks of fagoU, which are sheltered by a roof from rain, but a 
freely expo^}ed to the prevailing wind. The brine, thus diffused ovi 
a very large surface, is rapidly concentrated by the draught of air. i 
rejMiating the process a moderate number of times, a weak brine mi 
Ik! brought to a degree of concentration at which evaporation by fi: 
niuy 1>e employed. If the strong brine is boiled down rapidly, a fiu 
grained tuble-nalt is obtained ; if it is slowly evaporated, a han 
coarsely cryntallized salt is the product The thick mother-liquo 
from which no more sodium chloride will crystallize, contains tl 
more soluble salts of the original brine, such as calcium chlorid 
magnesium chloride and bromide, besides a large proportion of cou 
.nion salt which cannot be separated from the liquor. . Such mothe 
li([Uors are sometimes so rich in magnesium salts as to be advai 
tagbously worked for these substances, aad they are also sometinK 
profiUible sources of bromine. Considerable quantities of magnesiui 
salts and of bromine have also been extracted from concentrate 
sea-water, after all the available sodium chloride has been withdraw) 
The salt of conmierce generally contains a small proportion of maj 
nesiuni chloride, which makes it slightly deliquescent and bitter. 

Ezp. 174. — Dissolve 9 grms. of fine salt in 25 c. c. of water 
the ordinary temperature. Add to the solution another gramme < 
salt ; it will not dissolve. Bring the solution to boiling ; the add' 
gramme of salt will barely dissolve. Sodium chloride is scarcely mo 
soluble in hot than in cold water, wherein it differs from the gr< 
majority of soluble salts. Evaporated brines deposit their salt wi 
almost equal facility w^hen hot and when cold, but the hot liquors W 
hold in solution a much greater proportion of the salts with whi 
the sodium chloride is associated, than the cold brines could reta 
In the process of evaporation by fire, the associated magnesium, e 
cium and sodium stdts do not, therefore, crystallize with the comm 
salt, but remain in the hot mother-liquor. 

368. The uses of common salt are manifold ; since it is a cc 
stituent of almost all kinds of food, and essential to the life 
animals, it is not surprising that salt exists in small quantit 
m almost every spring, soil, plant and anVmsX. 'Y^aa vofiooK^ 
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quality of salt is applied to the preservation of fish, moat and 
wood. Salt is extensively employed in glazing earth<,*n-wan», itfl 
TOktility at furnace-heat combining with other qualities to fit it 
for this use. Immense quantities of salt are consumed in pn*- 
paring sodium sulphate, from which in turn common " loda '* 
(sodium carbonate) is made. Salt is also the source from which 
chlorhydric acid is derived (§ 72). 

369. Sodinm sulphate (Na^Oj is made in groat (luantitios 
from common salt and sulphuric acid as a prc»liminary stop in tho 
manufacture of sodium carbonate. 

The process has two stages. The mixture of salt nnd Rulphiiric 
acid is first heated in large, covered cast-iron pans. As in Exp. 28, 
chlorhydric acid is disengaged from the mixture, and is alworbed by 
l)eing passed through vertical stone towers tilled with lumps of coke, 
over which water is kept trickling. The reaction wliich takes i)lace 
in the iron pans is not complete, a portion of the sodium chloride 
ftmaining undecomposed. The reaction at this first stage may be 
Kpresfented as follows : — 

2 Naa + H,SO« = NaCl -f HNaSO, + HCl. 

Tbe pasty mass is then pushed into an adjoining fire-brick chamber, 
^Meh is strongly heated by flues from a furnace. The hydrogen 
^um . sulphate, of the last reaction, decomposes the remainder of 
tHe salt, and a further quantity of chlorhydric acid is disengaged to 
"6 condensed by the water in the coke-towers, while sodium sul- 
pliate remains ; — 

NaCl -f HNaSO, = Na,SO« -f HCl. 

The sodium sulphate, resulting from this process, is a white, 
anhydrous salt, which dissolves easily in water at 30°. "When a 
strong solution of the anhydrous salt, made at this temperature, 
^ cooled, there separate large, colorless crystals of a transparent 
^t, bitter and cooling to the taste. This salt, long known as 
Glauber's salt, contains, besides the elements of sodium sul- 
phate, ten molecules of water ; it therefore answers to the 
formula, Na^SO^^lO HjO. The crystallized salt loses water on 
*^)06ure to dry air; it effloresces and is converted into the 
hydrous salt 
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Ezp. 175. — DLseolve 10 grms. of crystallized Glauber's salt 
v.MltT, the teni])erature of whicb haa been previously observed ; <] 
ing solution, tbe temi)erature falls, — cold is produced in conseque 
of the expenditure of some of the heat of the mixture in overconi 
the cohesion of the crystallized salt Dissolve a like quantity 
effloresced 01au1>ei''s salt (anhydrous sodium sulphate) in a si 
bulk of water ; heat will be developed. A part of the water is sol 
fiwl by combining with the anhydrous sulphate to form the hydn 
suli)hate, and the heat, which before kept that quantity of water fl 
being set free to do other work, raises by a certain amount the t 
perature of the mixture. 

370. Sodium Carbonate (Na,CO,). — The manufacture 
this substance constitutes one of the most important branc 
of chemical industry. Immense quantities of it are consul 
in the fabrication of glass and soap, in the preparation of 
various compounds of sodium, and in washing, both by 
manufacturer of cloth and in the household. Tbe ashes of 
and sea-shore plants were formerly the source of the sod: 
carbonate, but it is now chiefly made from common salt b 
process called, from the name of its French inventor, Leblai 
process. 

The fii'st stage of this process we have already studied ; it conf 
in the preparation of the sodium sulphate from common salt. In 
second stage of the process the sodium sulphate is mixed with < 
and chalk, or limestone (calcium carbonate), and heated in a re^ 
beratory furnace. The carbon of the coal takes oxygen from the 8< 
um sulphate (Na^SOJ, leaving sodium sulphide Na^S; an in 
change of metals takes place between the sodium sulphide and 
calcium carbonate, forming sodium carbonate and calcium sulph 
The mass remaining after the reaction is complete is called " bl 
bidl " or " black ash." When cold it is systematical Iv washed v 
warm water until all the soluble portions are extracted. The bl 
solution is evaporated in large iron pans by the waste heat of the 
verberatory furnaces. The residue contains some caustic soda, al 
with the carbonate ; it is therefore mixed with about \ of its wei 
of sawdust, or like material, and roasted in a reverberatory fum 
The product of this heating is the' soda-ash of commerce ; it is air 
white, and generally contains about 80 per cent of pure anhydi 
sodium carbonate. 
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Tie so-called crytlalt of mda art: olitikiiieil hy dissolving the crudv' 
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Bb. In the couive of live or dx days, large trutiBpiirent ciystala ure 
iBilmed which i*oiitiiin fii.93 per cent of wnt*r, uinl i;orrespouil to the 
Wula H3^CO,,10H,O. The crystuls etflorettoe in the uir; thvy 
inntk (liBogreenble tai)te, called alkaline, (iru au)ul>k> in very largaJ 
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sjiattwith all their water, and the dry residue luelta at a hright 
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3n, Hydrogen Sodium Carbonate (HNaCO,). ^ WlioaJ 
'"^sBes of crystrtls uf hydnited soilium cirhoinite (aoilii oryatalsij 
*n esposed to itn atruu^^pljere of carlioiiiu acid ^'os, tlioy abeorlu^ 
ftuibonjc acid with an evolution of hoat sufficient to (ixpel t 
(»el*rpftrt of t!ii>ir walcr of cryshilli/jition, A viV\\" pnwdw^ 
*85win8 whose formula ii HNaCO, ; 
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(§ 153) \iK Na,0.H,0,2 CO,, \«'lience its most familiar namfi^ 
- bicarbonate of loda. This substance is one of the ingie- 
(lionts in iii«).st of the artiticial yeasts used for raising bread, 
r;ik«? and puddings, and is known to grocers and cooks as "soda," i 
al: hough the constituent which is really utilized is the carbonic 
jiciil. 

Vnm\ s(Kliuni l»irarl>onate, carlM>nic acid may be set free by almoift 
liny acid or acid s;ilt. "Rochelle powders" consist of sodium 
hirarhonati? in <«k* iMqwr and cruam of tartar in another ; when these 
two materials nre nuxed in water, carbonic acid is set free, and a 
<lnuhl«* tartrate of r«Nlium and ]K)ta8siuni, called Rochelle salt^ 
and \\mh\ hh a jairgative, remains in the liquid (see § 328). When 
hread (»r cake is "raised" with "soda" and ci-eam of tartar, the 
escapin;,' i-arlnnjic acid is the agent in puffing up the dough, and the 
name U«ehe11e salt renmins in the bread. Tartaric acid and cream 
of tartar having been dear in late years, a cheaper chemical yeaafc 
]K>w<ler has been made from acid calcium phosphate ; when this 
Huhstance n^acts within the dough with sodium bicarbonate, there 
remains in the bread a mixture of the phosphates of sodium and cal- 
cium. Ahini is sometimes used for the same purpose. It is necessary 
to employ for such purpose's, in connection with the bicarbonate, acids 
or acid salts which are solid, and not so corrosive as to be obviously 
dangerous and harmful. 

372. Sodium (Na). — The element sodium is never found 
unconil)ine(l in nature, for the reason that in its elementary con- 
dition it cannot exist in contact with either air or water. It 
is, liowever, artilicially prepared from sodium carbonate -without 
serious difficulty, and it might be produced in considerable quan- 
tities if th(»re were any large use for the element. The atomic 
weight of sodium is 23. 

The properties of the element sodium are very curious. The 
substance, when freshly cut, or when melted under naphtha or 
in an atmosphere artificially deprived of oxygen, has the bril- 
liant, white, metallic lustre of silver. Though possessing so 
eminently this characteristic property of the class of bodies 
called. metals, and being like them a good conductor of heat and 
electricity, sodium is far from resembling the ordinary metals in 
other respects ; thus it is lighter than wjater, having a specific 
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^tavity of only 0.972, whereas the common metals ar»» ili-nsi' aii<l 

deary ; again, it is as soft as wax at common t('m]H'nitun's, aiitl 

melt3 at a temperature below that of boiling wutiT ; while it hiis 

none of the comparative permanence which cham(!t<*riz<"s liiul, 

tin, copper, silver, gold and other familiar metals. If exiN^snl 

to the air, even for a few seconds i>nly, it tarnishos, and s<tnn 

Womes covered with a coating of oxide. Hencf; tho nocM'ssity 

of preserving the metal under some liijuitl which, liko naphtha, 

contains no oxygen. Wo have already 8<»en that it dccoinpnscrt 

cold water (Exp. 8), setting free its hydrogen, and i<»nil)iniii;; 

vith its oxygen. 

Bxp. 176. — Cover the bottom of a large lK>ttU» (at Icju^t a litrc- 
Iwttk) with hot water, drop in a piece of scxliunf a** laigt* tu* a sniall 
pea, and immediately cover the month of the bottle with a canl or 
glass plate. The heat caused by the chemical combination of the 
lodium and the oxvjjen of the water is sufiicient to inflame the hvdro- 
gen set free; the escaping hydrogen carries with it a small p. ^ 

[•portion of the volatilized sodium, ami therefore burns with 
tt intensely yellow flame which is very chanicteristic of 
*idiiun compounds. The metal swims mpidly about on 

^ the surface of the water, and is completely converted into 
caustic soda ; at a little interval, after the ilame has ceased 
to bum, a globule of caustic soda, which has Cvscaped solu- 
, bursts and scatters in all directions ; the mouth of the 
e should always be covered to avoid the possible pro- 
Won of particles of hot soda out of the bottle. The water in the 
•"^ttle, tested with litmus paper, will be foiuid to possess a strong 
•Ikaline reaction. If the bit of sodium be previously wrapped up in 
•piece of cloth, it will take fire in cold water or even on ice. The 
«oth prevents the sodium from moving about, and the heat of com- 
•illation is therefore concentraterl upon one spot. 

\ 373. Sodium Hydrate (NaHO). — When sodium is burnt 
■ ^pon water, a solution of sodiuin hydrate possessing an intensely 
*^*aline reaction, remains behind ; but tlie hydrate is, in prac- 
**ce, made from the carbonate. The sodium carbonate is dis- 
•ftlved in boiling water, and slaked lime mixed with water to 
fte consistency of cream is run into- the hot liquor. The cal- 
Am of the slaked lime replaces the sodium in t^'* «'>'1mi 
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and then fase to a transparent glass. If enougli borax to 

solid, transparent bead within the loop does not adhere to the 

the first time, the hot loop may be dipped a second ti 

n«. 60. the powdered borax. When a transparent glass t 

Q formed within the loop of the platinum-wire, touch 1 

of glass, while it is hot and soft, to a speck of manga 

noxide no bigger than the peiiod of this type ; re 

bead with the adhering particle' of oxide in the o 

flame ; the black speck will gradually dissolve, and on 

through the bead towards the light, or a white wall, y 

oxide has disappeared, the glass will be seen to 1 

sumed a purplish-red color. 

The same experiment may be performed with iroi 
which imparts to the glass a yellow color, or witt 
oxide, which imparts a bliush-green color. The o 
flame must be used in both these cases, as with tl 

O ^'"'""^^'^ 

The power which borax possesses of dissolving metalli( 
suggests an explanation of its use in brazing and in s( 
the precious metals. The solder will only adhere to a 
and clean metallic surface, and the borax which melts w 
solder removes from the pieces of metal the film of oxid< 
would otherwise prevent the adhesion of the solder. I 
also used by the assayer and refiner as a flux. 

377. Other Compounds of Sodium. — Sodium 

(NaNOg), a somewhat deliquescent and very soluble salt 
abundantly on the surface of the soil in certain desert < 
of Peru. It is employed in the manufacture of nitric a 
phuric acids and as a manure. There are several phospl 
sodium corresponding to the different varieties of phc 
acid. The most familiar of these phosphates, and the oi 
monly called sodium phosphate, is a crystallized salt of 
mula HNa3PO^,12 H^O. 

378. Sodium SuIpMde. — Compounds of sodium a 
phur may be formed by heating sodium sulphate (Na^SC 
charcoal; by heating sodium carbonate and sulphur tc 
and by boiling sulphur with caustic soda. There are 
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iifferent compounds (Na^ ^M^t* ^M^i« 1^M^«« Na,8j all 
tie in water : when treated with an acid they all give oiX 
ogen sulphide (§ 117) and from all except the tirMt thon* 
a precipitate of finely divided sulphur, known aH viilk of 
ur. There is also a compound (NaHS) called sodium sul- 
rate (hydrogen sodium sulphide) analogous in cunij)osition 
dium hydrate (NaHO). 

p. 178. — Into a small flask put a pinch n«. 67. 

wei-s of sulphur and two teaspoonfuls of a so- 

1 of caustic soda. Boil the solution for some 

tes ; the sulphur disappears and the liquid 

Qes dark colored. To the solution of sodium 

lide thus obtained, add dilute chlorhydric 

until the mixture turns litmus paper red ; 

ve the odor of hydrogen sulphide and also 

recipitate of sulphur. 

9. Sodium silicates may be prepared 
issolving silica in caustic soda, or by fusing together silica 
sodium carbonate. The silicate of commerce called water- 
B is of varying composition. Sodium silicate is an in^-^rc*- 
b of common glass, as has already been seen. Sodium 
)8alpllite (Na,8,0,, ^ H,0), is a crystallized salt much used 
Dhotographers, because its aqueous solution is capable of 
)lving silver chloride, bromide and iodide, — compounds 
h employed by the photographer, and very insoluble in 
Jr. 




CHAPTER XX. 

POTASSIUM (X). 

80. The proximate sources of sodium compounds are the 
and salt springs and deposits. Potassium compounds, on 
other hand, are derived indirectly from the soiL Arable 
I are produced by the weathering and gradual decomposition 
he common granitic rocks. These rocks contain a certain 
imt of potassium silicate ; the element potasnum thus he- 
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comes a nonnal constituent of the earthy food of plants. Ne. 
chciap and easy method has yet been devised for separating thfti 
])otas8ium compounds from the other ingredients of the soiL 
IMants, however, are able to pick out and assimilate the potas- 
sium salts from the soil, so that by burning the plants and 
extracting the ashes with water a soluble potassium salt la 
obtained. Tlie stilt which is obtained from the ashes of plante: 
by W{ishing and evaporation is called potash, or, if refined, 
pearlash, and it is from this substance that the bulk of potas- 
sium c()mi)ounds are obtained. 

XSzp. 179. — Place a handful of ^-ood-ashes on a filter, and pour 
hcjt water over tbeni, collecting the filtrate in a Iwttle and returning 
it upon the ashen two or three times, in order to obtain a stronger solu- 
tion. To exhaust the ashei 
of their potash they must, 
of course, be treated with 
successive portions of hot 
water. This solution has 
a strong alkaline reactioa 
upon test-paper. A few 
drops of it, poured into a 
test-tube containing a little 
dilute acid, occasion a brisk 
effervescence, a reactioa 
from which we readily sax- 
mise the truth, that the 
potassium salt contained in 
the solution is i)otassiiiin carbonate. By evai)orating the rest of the 
solution to dryness in a porcelain dish, we obtain a small sample of 
crude potash. 

381. Fotassium carbonate (K^CO,) is a hygroscopic and very 
soluble salt. When exposed to damp air it becomes moist, and 
finally deliquesces. In this respect it does not resemble soda- 
ash, wliich is not hygroscopic, and is, for this reason among 
others, better adapted tlian i)otasli for transportation, storing, 
and for most commercial uses. 

Potassium carbonate was the most important source of alkaB, 
until Leblanc's process made soda cheaper than potash. It i» 
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ill lai^ly consumed in the manufocturo uf wiap, ;:1iihh, aiunt ii: 
potash and other compounds of p.^tiiwiuiii, hut MNlium miIi.h 
bave, to a great extent, disiiLiced pDUis^iiiia huILh in (•onim«*n'() 
md the arts. 

382. Hydrogen Potasnum Carbonate (hkco,). ~ 'riiis suit, 

rhich is commonly called *' bicurbonatu oi' |>otuHli " (K,0,H,0, 
too,), is prepared by ]>assing a current of c<irl>onic uirid tiiiiMi^li 
I strong solution of potassium carbonate ; crystals of tin* l>i<-ar 
)ODate will be deposited, which arts [H'ruiancnt in tlu^ air. 
iftleratns is properly potassium bicarbonate ; but so<lium bicar- 
Donate is often substituted for it 

383. Potasdom Hydrate (KHO). — The manufadun^ (»f 
potassium hydrate from ])otassium carbonate n\seml>lcs, in every 
detail, the preparation of caustic soda from sixlium carlKUiatc 
(} 373). Potassium hydrate is a lianl, whitish substiinc**, 
possessing a |>eculiar odor and a very acrid tiuste. Like 8o«liuui 
hydrate, it rapidly absorbs moisture and carbtinic acid from tiu^ 
% and since the potassium carbonate thus formed is a deli- 
luescent salt, this change will go on until the eutin* mass 
rf hydrate is converted into a sirup of the carbonate ; wlnmnus, 
^ the case of sodium hydrate, the absorption of water and 
ftrbonic acid is soon arrested by the fonnation of a coating 
f non-deliquescent sodium carbonate upon tlie suiface of 
ie lump of hydrate. Potassium hydrate, ciist into small 
icks, is employed by physicians as a cautery, — a use which 
lustrates forcibly its destructive effect upon animal and vege- 
ble matters. Like sodium hydrate, its solution destroys ordi- 
iry paper, and cannot be filtered except through asbestos, 

gim-cotton. A clear solution is best obtained by decanta- 
)n from off the subsided impurities. In the chemical labora-. 
ry, solutions of caustic potash and caustic soda are in frequent 
ie for absorbing acid gases, such as carbonic acid, and espe- 
dly for separating the hydrates of other metals from solutions 

their salts. 

Bxp. 180. — Dissolve a crystal of blue vitriol (copper sulphate) 
a few cubic centimetres of cold water, and add to the solution 
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eeveml drope of a Rolntion of caustic potash. Copper hydrate III 
thrown down as a delicate, Mae, insoluble precipitate, while colorieM 
potassium sulphate remains in solution. 

CnSO, + 2KHO = CaH,0, -f K^O,. 

Copiier Miilitliate. Copper hydrate. 

384. Potassium (K). — This element, like sodium, is made 
fn)m its carl) .nate by heating intensely a mixture of the car- 
bonato and cliarcoal, in accordance with the reaction : — 

K,CO, + 2C = 2K-f3CO. 

Potassilim is a silver-white substance, of very brilliant lustiOy 
which is brittle at 0^, soft as wax at ordinary temperatures, fuses 
at G2°.5, and is volatile at a red-heat. It is lighter than water, 
having a 8])ecitic gravity of only 0.865. It is almost instan- 
taneously oxidized by air and water at the ordinary temperature, 
and, when heated, by nearly every gas or liquid which containB 
oxygen. Like sodium, it must, therefore, be collected and kept 
under naphtha, out of contact with the air. 

Ezp. 181. — Throw a piece of potassium, as large as a small 
FIk 69 1*^'^' upon some cold water in the bottom of a large bottle, 
aii<l i)lace a card or glass-plate over the mouth of the bot- 
tle. The potassium decomposes the water, and evolves 
heat enough to kindle the hydrogen which is given off; 
this hydrogen burns with a purplish-red color, imparted to 
the flame by a minute (juantity of vaporized potassiiun- 
This color is characteristic of potassium compounds, as a 
yellow color is characteristic of sodium compounds. The 
water will have an alkaline reaction from the formation 
of potassium hydrate. 

Ezp. 182. — To a gas-bottle in which carbonic acid is being 
steadily evolved, according to Exp. 75, attach a chloride of calciuni 
tube, and beyond this drying- tube a short tul>e of hard glass, from 
which an exit-tube leads into a small open bottle, as shoA^Ti in 
Fig. 70. When the extinction of a lighted match in the open bottle 
proves the apparatus to be full of carbonic acid, thrust into the hard 
glass-tube a bit of potassium as big as a pea, previously dried 
between folds of blotting-paper, then gently heat the potassium wifli 
a lamp. The potassium will take fire and bum at the expense of the 




.V 



1386;] 



POTASiUUM CYAMDM, 



2L'3 



dxygen of the carbonic add, and black particlfai of carbim will Ut di-- 
posited upoD the walls of the tube. After the reaction huM ceajicd, 



ris. 70. 




wd the tube has been allowed to become cold, place it in a lM)ttlf of 
vater, so that the saline mass (potassium carbonate) nuiy di.ssolvc ; 
Ac particles of carlx)n will then be seen more clearly, iioatiii<; in the 
%icl ; they may be collected upon a ftlter. The reaction which has 
taken place may be thus expressed : — 

4 K -f- 3 CO, = 2 K,CO, + C. 

385. Potassium chloride (KCl) is a subordinate source of 
[)otassium compounds. It occurs in sea-water and in brine- 
'prings, and is a secondary product of several manufacturing 
operations. Potassium chloride resembles common salt in ap- 
•earnnce and in taste ; it is somewhat more soluble in water 
ud volatilizes at a lower temperature. Potassium bromide 
KBr) and iodide (KI) resemble the chloride. They are much 
(Jed in medicine, and the iodide is extensively^ employed by 
botographers. 

386. Potassium cyanide (KCN) is a white, fusible, deliques- 
snt solid which may be made by fusing nitrogenous organic 
atter with potassium carbonate or hydrate. It is of great 
je in galvanic gilding and silvering, since gold and silver 
'anides are both soluble in a solution of potassium cyanitje. 
8 solution dissolves silver sulphide, and has, tliM^fore, been 
iggested for household use in cleaning silver-ware ; photog- 
phers sometimes use it for removing stains of silver nitrate 
om the hands; but both these applications of potassium 
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cyanide are dangerous and inexpedient. The cyamde is » 
tensely poisonous, not only when taken internally, but also 
when brought in contact with an abrasion of the skin, a ciri 
or scratch. As a reducing agent, potassium cyanide has greaJ 
ri«- 71. power ; it is especially useful ii 

blowpipe reactions. 

Bzp. 183. — Scoop out a httle hoi 
low at one end of a bit of charcoal 
8 to 12 c. m. long. Introduce into th( 
hollow a mixture of equal parts of tii 
I oxide (SnO^, dry sodium carbonate 

I and potassium cyanide. Heat with th( 

j|bBML reducing blowpipe-flame, for a minatf 

>^3Hli^ or two. Metallic tin will be reduced 

BnO, + 2 KCy = Sa + 2 KCyO (potassium cyanate). 

387. Potassium Ferrooyanide (K^PeCyJ. — When pota* 
sium carbonate is fused with nitrogenous organic matter potas- 
sium cyanide is formed, as has been stated in the preceding 
section. When this fusion takes place in the presence of iroE 
(as iron filings, for instance), the fused mass treated with watei 
yields a solution of a salt known as potassimn ferrocyanide 
This salt crystallizes in large yellow crystals, and is met with ii 
commerce under the name of " yellow prussiate of potash 
nearly in a state of purity. 

Potassium feiTocyanide is a salt of an acid called ferro-cyan 
hydric acid (H^FeCy^,), a compound of hydrof];en with the hypo 
thetical quadrivalent radical ferro-cyanogen, PeCyg, or Pcy 
When potassium ferrocyanide is heated with sulphuric acid, it ^ 
decomposed in accordance with the reaction : — 

Potassium ferrocvanide. 

K,FeC,N,H,0, 
= 6 CO + 2 K^SO, 

Carbon Potiissium 

protoxide. sulphate. 

This reaction has already been taken advantage of in the prepaK 
tion of carbon protoxide (Exp. 81, § 195). 

388. Potassium Ferricyanide (K^eCy,). — When a currei 
of chlorine gas is passed through a solution of ferrocyanide o 
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aium the following reaction tiikes pliuM^ : — K^FeCy^ -|- CI 
= K^eCy, + KCL The comi>oiin<l K^eCy,, iM)tiu*siuin frrri« y 
anide, may be obtained in beautiful iln^priMl rrystals by «'Vap 
oiating the solution. This conijxiund is known in ((iniiiit nr .\.-> 
"ledprussiate of potash." 

Potassium ferricyanide is a salt of ferri - cyanhydrio acid 
(HjPeCy^), a compound of hydrogen with the hyiMithftical tiiva- 
lent radical, PeCy^ or Pdcy. The ferro- and ferri-cyaiiidi's oi 
potassium afford valuable means of identifyiuj^ iron in its com- 
pounds, as will be seen in § 477. 

389. Potassium sulphate (K^O^) differs from sodium sul- 
phate in crystallizing as an anhydrous sidt. The salt enteis into 
the composition of many of the double sulphates whirli an*, 
called alnms, from the name of the commonest member of the 
dags, the aluminum and potassium sulphate. 

390. Hydrogen Potassium Sulphate (hkso,). ~ This siilt, 
commonly called the " bisulphate," is formed on a largo scale as 
* residuary product, whenever nitric acid is manufactured from 
potassium nitrate. When ignited, sulphuric acid is given oil' 

potassium sulphate remains : — 

2 (HKSO,) = K3SO, -h H,SO,. 

391. Potassium Nitrate (KNO,). — This valuable salt, com- 
monly called saltpetre, is very widely diffused as a natural pro- 
•^^ct, being indeed seldom wholly wanting in a productive soil, 
^f in spring- or river-water. At many localities it is found in 
^vems or caves in calcareous formations, but the principal com- 
mercial source of the salt is the soil of cei-tain troi)ical regions, 
Specially of districts in Arabia, Persia and India, where the 
titrate is found disseminated through the upper portion of the 
^il, or forming an efflorescence upon the surface, but never 
Extending lower than the depth to which the air can easily 
penetrate. 

This natural production of nitrates appears to result mainly from 
the putrefaction of vegetable and animal matters, in presence of the 
^ and of alkaline or eai-thy bases capable of fixing the nitric acid 
fSsoon as it is formed. The well-waters of towns, contaminated by 
Kidghboring sewers and cesspools, nearly always contain nitrates. 
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Tim saltpetre U exlrauteil frum the earth which costaiuB it bj 
tntaiiiiK lilt uarlh with u-Htcr, ukI evai>ur4li:ig the solution obtained. 
Tbc Hult|H!lrv i:t fnunl from the potnaBium anil aoilium dilorides, whilk 
ituci>iii|Niiiy il, liv lieing rL-crystollized several times. 

3U2. Potasunm nitrate ia white, inoitorout) and anhydrou^ 
anil IiiiK II OfHiiin^', hitliT t:iste. "When pure, it is pftnoanent in 
tli<: :tir, - - 11 fiict cjf grt'iit iiiipoTtance, inasmuch as the chief me 
(if {liis aalt is in the manufacture of gusftowder. Were it 
hygnwciipii', like aodium nitrate, it would not be applicable to 
thill usi'. It iit very sulublo in water, especially in hot water; 
it nu'ltii lii'low a ki\ heat to a colorless liquid without lo3« of 
HulKitiiuRp, but at a led heat it gives off oxygen, und suffen 
dc<;om]K>Hitioii. Its most marked chemical characteristic is ili 
oxidizing power. 

Exp. 134. — Mix 5 grnu. of powdered ealtpetre with 1 grm, ot 
dry, [icw(leK-il ckirooal ; place the Diiiture on a piece of poreeliw. 
■Eig, IS. and ignite it with a hot wire. Wbea 

the deflogration is over, a white snlfl 
will be firtiiiil upon the porcelain. 
Diwolve this solid in a few drops of 
water ; the Bolntinn will be alkaline 
to test-papet ; tuld a, few dlopB ot » 
dilute acid ; a biisfc effervescenw 
maibs the escape of carbonic acid. The nitrate hna oxidized the 
carliiin to cavbiinic acid, part of which escai>ed with the nitrogen 
during the dellai^'ratii.n, while part cnteiiid into combination with the 
IHilasaium: — 4KNO, + 5C = 2K,CO,+ 3CO, + 4N. 

GrunpO'wder is an intimate mechanical mistnre of soft-wood chH- 
coal, siiljibur and pntiissinm nitrate, in the ]>rfiportion8 of 70 or BO 
per cent of the nitrate to 10 or 12 jier cent of each of the other 
ingredients. When gunpowder bums in a closed space, the reaction 
that takes place is ^uite complex ; ^[Hiakiiif,' in general terms, how- 
ever, we may say that the oxygen of the niti-pte tombinea with the 
carbon to form carlwnic acid and carbonic oxide, while the snlphntis 
retained by the potassium, and nitrogen is left free. A very la^,'* P"*' 
portion of gas, as compared with the bulk of the solid powder, ifi tlui 
evolved when powder is burned. Moreover gunpowder bums rapa^ 
aud with great evolution of ■«) that the volume of gas, luge td 
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my temperature, is enormously expanded at tlie nionufnt of itn funim- 
ion; hence it happens that the gas set fn^e may \n* caiMilili! nf fN-<:ii. 
lying a thousand or fifteen hundred times as much ^|Klc4• o-s tliu 
^wder which generated it An enonnoiui pretwun^ in thus «'ii^'i-ii- 
iered at the spot where the powder burns, and tu this pruNMire Mime 
part of the matter w^hich confines the {M>wder must yirhl. In the 
Ease of fire-arms it is the ball which yields to the pressure : in blast- 
ing it is the solid rock itself that is torn a^Nirt 

393. PotaflsLum chlorate (KCIO,) is a white, cr^'stalliziHl 
adi much used in medicine, in calico-printing, in pynitii-hny, 
in the match-manufacture and in tho chemicid laboratory, on 
account of its large oxygen contents. It is an oxidizing agont 
of the most vigorous description. At a red heat it is resolved 
into potassium chloride and oxygen (Ezp. 4) : — 

KCIO, = KCl + 3 O. 

Potassium chlorate is so prompt an oxidizing agent that mix- 
toes of it with combustible bodies often detonate violently when 
•^ck or heated. These combustions are attended with great 
^nger unless very small quantities bo used. 

Bxp. 185. — Provide a bit of ordinary phosphorus, as large as a 
pin's head ; add enough finely powdered potassium chlorate to cover 
the phosphorus ; fold the mixture tightly in a small piece of writing- 
l*per ; place the parcel upon an anvil and strike it shari)ly with a 
^mer. The mixture will explode with violence. 

Strong acids like sulphuric, nitric and chlorhydric acids, de- 
compose potassium chlorate with evolution of oxides of chlorine, 
or of chlorine and oxygen. The decomposition is often at- 
^nded with decrepitation, and sometimes with a flashing light , 
combustibles, like sulphur, phosphorus, sugar and resin, are in- 
Wed by the gases evolved. 

Bxp. 186. — Pour into a conical test-glass 25-30 c. c. of water, 

nd throw into the water some scr.ips of phosphorus, weighing to- 

Bther not more than 0.3 grm., and 3-4 gmis. of crystals of potassium 

•^"'^te. By means of a thistle-tube bring 5 or 6 c. c. of strong 

iric acid into immediate contact with the chlorate at the bottom 

tne glass. Then lidthdraw the thistle-tube. In a moment the 
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phoepboi-us U kindled, and boniR with yivid flashes of light ba 
the witer. An evolution of chlorine accompanies the reaction. 

Zbqp. 187. — Rub 4 or 5 grms. of clean potassium chlorate 
from dust, to a fine powder in a porcelain mortar. In powd 
potoi^ium chlorate, care must be taken that the mortar and pesiJ 
perfectly clean, and the salt is free from organic matter, and vi 
percussion and heavy pressure upon the contents of the mortar 
be wholly avoided. Place the powdered chlorate on a piece of p 
add an et^ual bulk of dry, powdered sugar to the pile, and witl 
fingcrM and a pierce of card, mix the two materials thoroughly togc 
Mixtures of potassium chlorate and organic matter are liable t* 
plode, if i^rongly rubbed or but lightly struck. Wrap the mi: 
in a pape? cylimler, and place the cylinder on a biick in a st 
draught of air ; let fall upon the mixture a drop of sulphuric 
fioiu the end of a glass rod ; a very vivid combustion will ensue, 
the violet-colored flame characteristic of potassium. 

394. Potassioin tartrate (K,C HiO,) is a very soluble • 
talline salt ; the hydrogen potassium tartrate (HKC^B 
known in the crude state as "argol," and when puritie 
" cream of tartar," has already been described in § 327. 



CHAPTER XXL 

AMMOKIUM SALTS. 

395. By neutralizing an aqueous solution of ammonia 
nitric acid we have formed, in accordance with the rea( 
NH3,H,0 + HNO3 = (NH,)N03 + H,0, a body, (NHJ3 
corresponding in composition to potassium nitrate (KNO,) 
cept that the grouj) of atoms NH^ takes the place of the i 
K. If we had used chlorhydric acid there would have 
formed a body, NH^Cl, corresponding tj potassium chlo 
KCl; sulphuric acid would give (NHj^SQ^ correspondin 
K^SO^. To explain the constitution of these and similar i 
the group of atoms NH^ is regarded as playing the part 
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etallic element, like sodium or iKitasBinm, ami iub< nH-i*iv«*<l tin- 
inie anunoniiuil. Wo have, iiowever, no positive f^vidfiicc of 
le separate existence and metallic character of this ^'rt>up of 
oms 



All ammonium salts, whether 8f»li(l or in solution, cvolvf 
mnonia-gas (NH,) when heated with the hydnitcs of siMliinii, 
itassium, calcium and a few other metals. 



». 188.— To a few cubic centimetn*fl of a M»]ution of luniiio- 
ium chloride in a teftt-tu1)e, add a few dropH of a solution of cau^ti'- 
xia, and toil the liquid. The gapeous anmionia can Im* dctt-t ted 
y its odor. If in ai.y case the ammonia evolvt*d Ik.* in sf) small a 
uantitv thxt its characteristic smell cannot 1m> detc('ti'<1, it niav hv 
ecogiiized by its property of reftoring the blue color to n*«l«UMird 
itmus paper (§ 48), and of forming white funu-s by con tart with a 
t)d moistened with somewhat dilute chlorhvdvic acitl. The rwulimi 
nay be formulated as follows : — 

NH.Cl + NaHO = NaCl -\- NH, -\- H,0. 

396. The solution of ammonia-gas in water (NH3,H.jO) may 
t>e regarded as a solution of ammonium hydrate, (NH^)HO, 
Comparable with the solution of caustic soda, NaHO, or caustic 
potash, KHO. This solution pioduccs, indeed, many of the 
effects which the solutions of the caustic alkali(»s produce ; it 
lieutralizes acid?^ and sets free th^ hydrates of many metals from 
solutions of fheir salts ; it is capable of siiponifying fats (§ 243) 
^d is, in short, a powerful base. 

Txp 189. — Dissolve a small crj^stal of alum in 0-8 c. c. of water 
in a tesfc-f ul)e and add ammonia-water until the solution, after being 
^ell shaken, smells strongly of ammonia. A gelatinous precipitate 
>f alimiinum hydrate will appear in the liquid. 

' Ammonium salts are very numerous, but only the few which 
ttB of present importance in the useful arts will bo here de- 
icribed. 

397. Ammoniiun Chloride (NH^CI). — This salt, commonly 
»lled sal-ammoniac, is found native in many volcanic regions. 

^Iie commercial supply of the salt was formerly obtained frc^ the 
loot resulting from the incomplete combustion of camels' dung. The 
20 
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raw material, whence ammonium salts are now manufactured 
derived from ga^-works and bone-black factories. Coal and ba 
contain a ix>rtion of nitrogen which, during the proces8 of distillati 
in {Mirtially converted into ammonia (§ 68) ; this ammonia combi 
with the carbonic acid and sulphuretted hydrogen, which are likev 
pro lucts of the distillation, and these compounds are condensed i 
a somewhat watery li([Uor, contaminated with tarry and oily matt 
Irom which the ammonium salts are subsequently extracted. 

Ammonium chloride serves for the preparation of ammo 
(Exp. 27), and of ammonium carbonate. It is somewhat ( 
ployed in dyeing, and also in certain processes with metals, si 
as tinning, soldering and silvering copper and brass, and galvi 
izing (zincing) iron. When heated, it sublimes much below r 
ness, without undergoing fusion. 

Ezp. 190. — Heat a bit of sal-ammoniac on a piece of porcelt 
and ol serve the low temperature at which the solid is complet 
converted into vaj;)(>r. 

398. Ammonium sulphate ((NHX^O^) is a colorless, cryst 
line salt resembling potassium sulphate. It is employed in t 
manufacture of ammonium alum, as an ingredient of artific 
manures, and as a source of other ammonium salts. 

399. Ammonium Nitrate ((NH,)NO,). — The method 
preparing this salt, and its complete decomposition by heat, h 
been already described (Exps. 18, 19, §§ 48, 49). The salt cr 
tallizes in long needles ; it has a pungent taste, is very solu 
in water, and, in dissolving, produces sharp cold. 

400. Ammonium Carbonates. — The commercial carbon: 
(sal-volatile) is a whito, semi-transparent, fibrous substance, w 
a pungent taste and a strong ammoniac^l smell ; it is prepar 
on a large scale, by the dry distillation of bones, horn a 
other animal matters. The product is purified from empyr 
matic substances by repeated sublimation. Ammonium c 
bonate may also be obtained by heating the chloride (or s 
phate) with calcium carbonate ; the ammonium carbonate si 
limes, leaving a residue of calcium chloride (or sulphat 
There are several ammonium carbonates ; the most pern 
nent is the " bicarbonate " or hydrogen ammonium carboiw 
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[H(1THJcO^. Into this the commercial carbrjiiatc wliich ijt 
m impure product gradually changes. 

401. The sulphides of ammonium correspond to th(».*tf» of 
jodiiun (§ 378) ; a solution of the sulphydrate (NH^HS) whi( h 
iq colorless when fresh, but gradually U^comcs yellow owin;^' to 
thefonnation of higher sulphides, is much usiHl in the analytical 
laboratory. 

402. Isomorphism. — The resemblance of the salts of am- 
noDium to those of potassium is renderetl more striking fr>n) 
the fact, that in many cases it is true of curresjKmding siilts, 
that the crystalline form of the two bodies, as well as tlifir 
texture, color and lustre, is ideuticaL If solutions of tlicst^ 
two salts be mixed, neither of the salts can subset [ucntly Ixi 
nystallized out by itself, when the solution is evaporate<l ; the 
ciystais obtained will be composed of the two salts niixod in 
the most varied proportions. Bodies wliich anj thus cajKi)'l«» 
of crystallizing together in all proportions, without alteration <>f 

crystalline form^ are said to be itomorphoos (like-formed). 



CHAPTER XXn. 
UTHIUX, BirBIDIUX, C2SITJ1C AHD THAUimC. 

SPECTRUM ANALYSIS. 

403. Lithium (Id). — This rare metal occurs as a constituent 
f not a few minerals, especially micas and feldspars, but does 
ot form a large percentage of any of them. In very small pro- 
ortion, it has been recognized in sea-water, mineral-waters and 
taiost all spring-waters, in milk, tobacco and human blood. It 
a widely-diffused, but not abundant substance. 
Metallic lithium resembles sodium and potassium. It is the 
^htest of all known solids which include no air, its specific 
*vity being only 0.59. The atomic weight of the element 
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is also low ; namely, 7. In its cbemical relations, litium 
closely n'semblos sodium and potassium, but is somewhat In 
ontTjretic. 

All the volatile lithium compounds color a gas-, alcoholr a 
bInwpijM'-flame carmine- re<l. The most delicate reaction for 4e j 
d(>t(>c'ti()n of lithium, the test which has revealed its existeiMB. 
ill a gn*at vari(*ty of substances which were never imagined to 
contain it, is the presence of one bright line, of a peculiar ied|^] 
in the spectmm, spen on looking through a glass prism at r 
Hi. mo coloH'd with a lithium compound. 

404. Spectrum Analysit. — AVe have had occasion to ob- 
ser\'e that certain chemical substances, like boracic acid and siUl 
of sodiuri, ])ot{i»sium and lithium, imi>art peculiar colors to Ai 
blow]ii|»o ilam(% or to any other hot and colorless flame. H 
these colnriMl iiaiiies are looked at through a prism, a nasof' 
pencil of the colored light being directed through a sht up* 
the prism, it will be seen that each different flame produces t 
p^niliar speotrum, consisting of one or more distinct brigbt 
lines of colonMl li<j;lit and bearing no resemblance to the contintt' 
ous ]>and of rainbow-colors which constitutes the common spec- 
tmm pnxluced by a i)encil from any source of white ligbi 
Thus, the sj>ectnim of the yellow sodium flame consists of * 
single, bright, yellow line ; the purple potassium flame give* 
a s])ectrum containing two bright lines, one lying at the e^' 
treiiie red and the other at the extreme violet end, and another, 
fainter re<l linii ; while the lithium s})ectmm consists of a very 
characteristic kmI line and a fainter orange line. 

The pcjcidiiir lines which characterize the spectrum of any 
element anj invariably produced by that element, and nev«-' 
by any other substance, and not only the color and nmnbe' 
of li?ies, but their position in the normal spectrum, always rC 
main unaltered. When the spectrum of a flame colored witB 
a mixture of sodium and potassium salts is examined, the yel' 
low line of sodium is seen in its pl;ice, and the red and pmpl^ 
lines of potassium are as visible in their resj)ective positions 9^ 
if no sodium had been present. T4^s example illustrates 
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great advantage which the uao of tlie pmm ^sm^ 
unaided eye cannot distinguuh the |Mii;uMiuin colcir in t}ii* 

scnce of the intense sodium-yellow, the hriKhU^r c4)lor hidiii;^ 
paler ; but with the prism it is easy to deUxrt each of HevtT.il 

iiedients of a mixture by the apix^nuMrc of its chanicterihtic 

es. 

A new method of analysis, of extreme delicAcy, in bosiil 

on these facts. Spdotmin analysis is com|M't<',iit to dct^Mt 

3 ^.j^.njijsjsisjs of a grauune of sodium, or the oo.cio.ooo «•** 
gramme of lithium, and many other elements in iu(tn>ilil)ly 
lall proportions. So extreme is the delicacy of the m(>th<Nl, 
lat it brings into plain sight minute quantities which alto- 
ither escape the coarser process of analysis, and reveals, jus 
ibstances common in familiar things, clenu^nts which with 
)iig supposed to be of extreme rarity. Thus, th(j presence «>f 
ithium, formerly considered a rare element jHJCuliar to a ffw 
•bscure minerals, has been demonstrated by spectrum analysis 
tt many drinking-waters, in tea, tobacco, milk and blood. A 
iiill more striking illustration of the value of spectrum analysis 
IB to be found in the discovery of four new elementary bodies 
by its means ; these elements are rnbidinm, cssinm, thallium 
and indium. 

The methods and processes of spectrum analysis are not appli- 
cable to colored artificisd lights alone \ they have been applied 
with encouraging success to the lights of various quaUty which 
emanate from the sun, the stars and the nebuhe; but the 
(details of these observations belong rather to physics than to 
chemistry. 

405. Rubidium and Caesium (Rb and Cs). — These two 

elements are always found together, and in association with 

potassium. Though extensively diffused, they generally occur 

in very minute quantities. Rubidium seems to be rather the 

■nore abundant. Ten kilogrammes of the mineral water in 

^nich these metals were first discovered yield not quite two 

■"^igrammes of caesium chloride, and about two and a half 

milligrammes of rubidium chloride. The properties of both 

20* 
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rubidium and ca»ium differ from those of sodium and potassiiim, 
not in kind but only in degree. They are therefore classed witk 
sodium and iK)tassium as alkali-metals. The atomic weight of 
rubidium is 85.7, of cassium 133. 

406. Thallium (Tl). — Thallium is a malleable, ductile meial 
resembling lead in external characters. It is found in certain 
varieties of iron pyrites. The properties of thallium are into* 
mediate between those of lead and those of sodium and potas- 
sium. I^ike the alkali-metak, it replaces hydrogen atom ht 
atom; its atomic weight is 204. 



CHAPTER XXm. 

8IL7SB ( Ag) ~ THE ALEALX-HETALS. 

407. Silver is a widely-diffused and quite abundant element, 
but in its mode of occurrence it differs widely from the alkjJl" 
metals whicli we have just been studying. In the first place, it 
frequently occurs native, both pure, and alloyed with mercuiy, 
copper and gold, — a mode of occurrence quite impossible for 
the alkali-metals, because of their readiness to combine with the 

• 

elements of air and water. The metal more commonly occurs m 
combination with sulphur, mixed with sulphides of lead, anti- 
mony, copper and iron. It is from argentiferous sulphides that 
the larger part of the silver of commerce is extracted, and, 
among ores of this kind, the argentiferous lead sulphide (galena) 
is the most abundant. Combinations of silver with selenium, 
tellurium, chlorine, bromine and iodine are also to be enumerated 
among silver-containing minerals ; of these the chloride (hom- 
silver) occurs in quantities large enough to make it valuable as 
an ore of the metal. It is noticeable, that the only elements 
which are extracted in any quantity from their chlorides as oreSj 
are sodium, potassium and silver. A small proportion of silver 
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ts in sea-water (about 1 milligram mo in 100 litrofl), and 
presence has been recognized in common salt, in chemical 
lucts in the making of which salt ui used, in various Hea- 
ds, in the ashes of land-plants, in the ash of ox-bl(MMi, and 
bably also in coaL In sea- water it exists, as s<Mlium and 
issium do, in the form of chloride. 

08. Silver (Ag). — The clement silver is much more fumil- 
y known than any of its compounds : known from tho 
lesfages, this metal has always been prized as much for its 
uty as for its rarity. White, brilliantly lustrous, susceptible 
an admirable polish, wonderfully malleable and ductile, the* 
t known conductor of heat and electricity, fusible only at 
ery elevated temperature, and permanent in the air, whether 
or cold, wet or dry, it represents and embodies in the com- 
iest sense all that is commonly understood by the term 
;aL 

his word metal cannot be strictly defined ; it is a conven- 
al term, vaguely used because expressing a vague idea. Thus 
lis would all be solid were not mercury, and perhaps caesium, 
Ij they are generally heavy, but lithium, sodium and potas- 
1 float upon water : they have all a peculiar lustre, called 
lUic ; but this lustre does not characterize metals alone, for 
I and graphite, galena, molybdenite, and many other minerals 
1 exhibit a similar lustre ; they may all be said to be opaque, 
gold may be beaten out so thin as to transmit a greenish 
t. While it is not possible to define the term metal with 
ision from chemical, any more than from physical proper- 
one general chemical fact deserv'es attention in this connec- 
; — the so-called non-metallic elements unite with oxygen 
hydrogen to form acids ; while the metallic elements unite 
I oxygen and hydrogen to form bases. This general fact, 
ever, does not give a sharp line of demarcation, as some 
lents form both acids and bases ; thus in the case of 
lie, while there is an arsenic terchloride, there are also 
Bites and arseniates of various metals. In the table 
page 256 the elements preceding gold are those usually 



230 PROPERTIES OF SILVER. [§ 401. 

known as non-metallic : those which follow are the metallic ele- 

i 

moiits. I 

4(>i). Silver combines slowly with chlorine^ biomine andj 
ifMline, and promptly with sulphur. The tarnishing of silver k j 
due to the ft>rmation of a tliin iilm of the black sulphide owr] 
the metallic surface, by combination between the silver and tlM 
Rul])hur of the sulphuretted hydrogen which is often present m 
the* air of towns and houses. The specific gravity of silver ii 
10.5, and its atomic weight 108. 

410. The physical and chemical qualities of silver fit it to 
serve as a me<lium of exchange, and as the material of jewdif. 
and plat<». But as the pure metal would be rather too soft; 
for ordinar}' use, it is hardened by combining with it. a smal 
proportion of copper. The proportion of copper in the " stand- 
ar<l " silver employed for coinage varies in different countrieB! 
— in the United States and in France it is 10 per cent; ii 
Cireat Britain it is 7.5 per cent ; in Grermany it is 25 
cent. 

Exp. 191. — Place one or two dimes in a small flask, and cover 
tlieiii with nitric acid diluted with two parts of water. Warm tbe 
lla^<k j^ently in a place where there is a good draught of air ; the coiM 
will j^Tadually dissolve, with evolution of nitrogen protoxide, whichi 
on contact with air, produces the abundant red fumes which escape 
from the fliu*k ; add more nitric acid, fn)ra time to time, if necessary 
to c()mi)lete the solution. The blue solution contains both. the silveif 
and the copper dissolved in nitric acid. 

Place in the blue solution two or three copper coins, and leave the 
flask at ret?t for some days in a warm place. Then collect the little 
plates of pure silver, which have separated from the solution, upon a 
filter, and wash them, first with water, and then with ammonia-watcT, 
until the ammonia- water no lonj]jer shows any tinge of blue. Tbis 
silver, waslied finally with waiter and dried, is wellnigh pure ; if it 1>® 
again dissolved in nitric acid, the solution will contain nearly po^* 
silver nitrate. 

411. Silver Nitrate (AgNO,). — This salt, as we have al- 
ready seen, is obtained in solution by dissolving silver in nittw 
acid. When such a solution is evaporated to the point of cry*' 
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ization, the nitrate is obtained in transparent, anbydmuH, 
ular crystals, which are soluble in their own woi^^ht of 
i water, and in half their weight of hot wat<.T. Tho fuHiMl 
t is used in surgery as a caustic, under the name of lunar 
istic. 

Silver nitrate, when pure, is not alteretl by exixisure to kud* 
ht ; but if- it be in contact with organic mjitUT, light nsulily 
composes it, and a black, insoluble product is fonnc<l of no 
iinary stability. Hence the solution of the nitrate st;iiiis tli<> 
in black, and the salt forms the basis of an indelible ink 
ed for marking linen and other fabrics. Silver nitrate is much 
led in photography. 

412. Silver chloride (AgCl) occurs native sometimes in cubi- 
J crystals and sometimes in compact, semi-transparent miiss(\<, 
hich, from their general appearance, have given the mineral the 
une of hom-fiilver. Silver chloride may be precipitated from 
ay soluble silver salt by adding to the silver solution chlorliy- 
ric acid, or the solution of any soluble cliloride. Silver chlo- 
de is insoluble in water and acids, but is dissolved by ain- 
lonia-water. Exposed to the light, it is partly decomp()s<Ml 
nd becomes dark colored. Silver iodide and bromide are pre- 
wired by adding a solution of a soluble iodide or bromide, to a 
olution of some silver salt. 

Exp. 192. — Fill three test-tubes one-third full of water, and pour 
nto each a few drops of a moderately strong solution of silver iii- 
rate. Add to the first test-tube 2 or 3 c. c. of a solution of sodium 
Woride, and shake the tube violently ; a dense, white, curdy preci pi- 
ate of the silver chloride will be produced. Add to the second test- 
ttbe 2 or 3 c. c. of a solution of potassium bromide, and shake the 
ube ; a yellowish precipitate of silver bromide will be thrown down, 
^dd to the third test-tul)e 1 or 2 c. c. of a solution of potassium io<li(le, 
•nd shake up the liquid ; a pale-yellow flocculent deposit of silver 
odide will be formed. 

Withdraw from each test-tube a portion of the precipitate it con- 
ains, and try to dissolve each precipitate in moderately strong nitric 
cul ; the attempt will fail, for these silver salts are insoluble in nitric 
cid. . 

Withdraw from each test-tube another portion of the precipitate it 
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contains, ami treat each precipitate with ammonia-water ; the aibv 
chloride will disnolve easily, the bromide less easily, the iodide wilk 
ditficulty. Lastly, ]>our upon the remnants of the original precipir 
totes in the three test-tubes a moderately strong solution of Bodiim . 
hy|M>Kuli)hite ; all three precipitates will immediately dissolve. 

Ezp. 193. — Precipitate some curdy silver chloride by adding 
8(xliuiu chloride solution, or chlorhydric acid^ to a solution of dlyer 
nitrate, so long as any precipitate is produced. Throw the precipi- 
tate ui>on a filter, and wash it with water ; then open the filter, spieal ' 
the chloride evenly over it, and place it in direct sunlight The white 
prei'ipitate rapidly changes to violet on exposure to the sun's iaj% 
the depth of shade increasing as the action of the light continnefc 
Upon the facts illustrated in this and the preceding experiments the 
main processes of photography depend. 

413. Other Silver Compounds. — Silver oxide (As,0) c(v- :i| 
responds to sodium oxide (Na,0). It is decomposed below a .' 
red heat, giving up its oxygen. The hydrate AgHO is very j 
slightly soluble in water giving an alkaline reaction. At 60' it 1 
is converted into the oxide (Ag^O). 

Silver cyanide (AgCN) is a white powder insoluble in water. 
It is soluble in potassium cyanide, and so dissolved is used in 
electro-plating. Silver sulphide (Ag^S) occurs as a native min- 
eral. Silver sulphate (Ag„SOj is formed when metallic silver 
is boiled with strong sulphuric acid. The reaction which takes 
place is : — 

2 Ag + 2 H^SO, = Ag^SO, + 2 H,0 -(- SO^ 

414. Photography. — The chemical changes which the salts of 
silver undergo, when exposed to light, are the basis of the art of pho- 
tography, not because these are the only salts which are affected hy 
lij^'ht, l)ut because none are so advantageous, on the whole. 

In order to get a photograph upon glass, a transparent film capable 
of holding the necessary silver salt must first be attached to the glass 
plate. Collodion, a solution of a variety of gun-cotton in a mixture 
of alcohol and ether, is the material of this film. To the collodion is 
added a solution of potassium, cadmium or ammonium iodide, or » 
mixture of these salts. 

The collodion thus prepared is poured rapidly over a clean and di/ 
surface of plate-glass ; the volatile solvents evaporate rapidly, and as 
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BOOH as the filia is coherent, the (^lam \% nllDWcil 1 1 itMiiniti fnr MVi-ml 
minutes in. a bath of silver nitrate, very nH^htly ai-idifu-il \%it)i ari'iic 
or dilute nitric acid. A yellow Liyer of nil vrr iiNli«lf in piiMliiriil in 
the film, and potasBiiini, ciulmium or anini«>iiiuiii nitnitr (liH^<>l\f<4 jn 
the Ixith. The plate is then exposed in the canuTa for a ftrw htoii«I'«. 
When removed, no image is ]>eruepti1)k* ; hut t»n iMuirin^ <»v«t tin* lilni 
a solution of gallic or pyn)gallic acid in al(i»h<il aii<l mi'tir a< i<l. i>r a 
polution of ferrous sulphate mixed with a few dn»ps <»f a wi-ak miIu- 
lionof silver lutrate, the image will he deveh)iK*<l, slowly or nipi'ily, 
according to the nature and strength of the dcveloiaii*; li<iuiil, the 
degree of exposure, and the intensity of the li^ht. Tht; illiiiiiiii.itfil 
portions of the picture will appe^ir, under the action of tin* il' r. Aiy». r, 
mote or less black, while the shaded ix>rtion8 wiU retain the vdlnw 
colorof the iodide. As soon as the details of the shadnl )Mirt ictus 
ippear, the liquid is washed off and the <levelopmeiit arrest nl. A 
saturated solution of sodium hyposulphite is then pounil over the film 
to dissolve off the yellow silver iodide where it has not been aHetted 
Vthe light ; only the reduced portions of silver remain, and they ap- 
pear more or less opaque. The plate nmst finally 1k! very tln)ruu^dily 
hashed to remove all traces of the hyposulphite, and then diied and 
famished on the collodion side to protect the film from injury. 

From the glass " negative " thus producetl, '' i>osilive " pirtun's on 
paper may be printeil. The paper is floated for five minutes on a 
''olution of sodium or ammonium chloride ; wiien dried, it is floated 
m a dark room, for five minutes, on its salted surface, in a solution (»f 
silver nitrate, and again dried. To produce the positive piitun\ the 
paper is exposed to light under the negative to he (•«>pied, until the 
%hts of the picture are of a pale lilac hue, and the shades of a deep 
tronze color. After being thoroughly washed, the paper is traiis- 
f^rred to a " tonmg" bath, which consists of a very dilute solution of 
hydrogen sodium carbonate (" bicarbonate of soda ") with a minute 
proportion of gold chloride. The picture is kept in motion while in 
this bath ; it remains there until its shades have accpured a deep pur- 
ple-black color. It is only in those parts of the picture in which the 
silver has been well reduced that this toning effect is produceil. The 
picture is again washed in water, and soaked for fifteen minutes in a 
^lution of sodium hyposulphite, in order to remove all the silver 
<^Woride which is contained in the substance of the paper. Finally, 
^he picture must be soaked for twenty-four hours in water which is 
instantly renewed, in order to wash away every ti'ace of the com- 
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]Mmnd 80<liiiin and silver hyposulphite. No photograph will keep 
longf unleMA the si Ivor chloride has beeu completely dissolved by tia 
hyjMiHulphiti;, uiid the com{»ouiid hyposulphite washed away witii-^ 
th(in>u^hneM tluit leaves no trace behind. If the first condition it 
not fulHlIed, diffused dayli«(ht will alter the picture ; if the second 
condition is not complied with, yellow or brown stains will ultimate 
dt'stroy the picture. 

Ah in ever}' other art which embraces many details, and demandi 
a tr«iine<l ('ve and hand, eminent skill in photography can, as a ral% 
Ikj ac<juired only by long jtnictice. 

415. The Alkali Oronp. — The metals which must plainly 
"be classed together under this head are sodium, potassium, (am- 
monium), lithium, rubidium and caesium. Two other metals aie 
better classed with this group than elsewhere, but their likeness 
to the alkali-metals is but partial, and in many respects their 
properties are quite unlike those of the six metals just enllnle^ 
ated ; these two metals are silver and thallium. The common 
properties of the alkali-metals are mainly these ; — they have 
the lustre of silver, are soft, easily fusible, and volatile at hig^^ 
temperatures ; they unite greedily with oxygen, and decom- 
pose water with facility, forming basic hydrates which are very 
caustic and intensely alkaline bodies, not to be decomposed by 
heat ; their carbonates, sulphates, sulphides and chlorides, and 
indeed the vast mjijority of their salts, are soluble in water, and 
each metal forms but one chloride, one bromide and one iodide ; 
they all form basic hydrates, and never an acid hydrate ; they 
occur in nature in modes analogous, though not the same ; their 
corresponding salts arc often, though not always, isomorphous) 
lastly, there is a general, though not absolute, uniformity among 
the formulae of the compounds into which these elements enter ] 
so that, if a compound of a given composition is proved to 
exist for one of tliese elements, the strong presumption is that 
analogous compounds witli all the other elements of the gro^P 
exist likewise witli properties similar, though not identical 

Silver and thallium present, on the whole, so few points of 
resemblance to the alkali metals that they would not be cofli' 
prehended in the same group with them were it not for one 
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eonsideiation weighty enough to turn the balance when the 
discussion of other properties leaves the matter in thai lit. So- 
dium, potassium (ammonium), lithium, cwsium, riibi<liuiii, sil 
Ter and thallium all replace hydrogen, atom for utnm. All 
these elements are exchangeable for hydrogen and with each 
other, atom for atom, and in the present state (»f the hIciico 
they must be regarded as the only metals thus etjuiv.ilcnt in 
hydrogen. The atoms of the elements of the chlorine ^r«Mip, 
including fluorine in that designation, and of the seven dr 
ments above enumerated, are" exchangeable for the same niim- 
her of atoms of hydrogen ; each atom is vy)rih our in ex- 
change, and these elements are therefore said to be univalent 
(see § 74). 



CHAPTER XXIV. 

CALCHTM, sTSomiirx, babittx ahd lead. 

CALCIUM (ca). 

416. The metal calcium is a constituent of several of the 
commonest and most important minerals ; it forms a very con- 
siderable portion — perhaps as much as one-sixteenth — of the 
solid crust of the earth. The metal itself is yellowish-white, 
lustrous and ductile, and suffers no change in dry air at the 
ordinary temperature. In moist air it oxidizes quickly, and it 
decomposes water with evolution of hydrogen. At a red heat 
*i* melts, and, if oxygen be present, takes fire and burns with 
^ bright light. It is a bivalent element ; its atomic weight 
is 40. 

417. Calcium carbonate (CaCO,) occurs in nature in many 
<iifferent forms, sometimes finely crystallized, sometimes in an 
^orphous condition. Limestone, chalk, marble, calc-spar and 
^^Oftd are calcium carbonate : the shells of shell-fish are almost 

21 
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entirely composed of it, and it is an important constituent of 
dolomite, marl and many other rocks and minerals. 

In all its varieties calcium carbonate is readily attacked by 
acids, even if these be dilute ; the action is attended with effe^ 
vesccnce, owing to the expulsion of carbonic acid and the escape 
of this gas through the liquid : — 

CaCO, + 2 HCl = CaCl, + CO, -f- H,0. 

418. Calcium carbonate, though tasteless, is slightly soluble 
in water, and the solution exhibits a faint alkaline reaction ; it 
is, however, rather freely soluble in water charged with carbonic 
acid (§ 192). 

Ezp. 194. — Place in a teat-tube 20 or 30 drops of linie-watCT, 
and as much pure water ; in the mixture, immerse the delivery-tube 
of a bottle from which carbonic acid gas ia being evolved (Exp. 75). 
Calcium carbonate will be thrown down at first, but after a while, as 
the water in the test-tube becomes saturated with carbonic acid, the 
precipitated carbonate will re-dissolve, and there will be obtained a 
perfectly clear solution, which, in spite of the large proportion of 
ciirhunic acid contained in it, has a decided alkaline reaction. By 
boiling the solution, so that a portion of its carbonic acid may be ex- 
pelled, the calcium carbonate can be again precipitated. So, too, if 
the lifjiiid be left exposed to the air, it will gradually give off car- 
bonic acid, and l)econie turbid from deposition of calcium carbonate. 

To the solubility of calcium carbonate in water containing carbonic 
acid, and to the fact that on the escape of the carbonic acid the cal- 
cium carbonate is deposited, is due the formation of calcareous petrx 
factions, of stalactites and stalagmites, of the stones called tufa an^ 
travertine, and of many deposits of crystallized calcium carbonate 
Whenever water, charged with calcium carbonate, flows out from tb 
earth into the open air, or trickles into hollows or caverns within tb 
earth, carbonic acid is given off in the gaseous state, and calcium cai 
bonate is deposited. Stalactites are the pendent masses, like icicle' 
which hang from the roofs of caverns, and the walls of cellar^ 
bridges and like covered ways ; stalagmites are the opposite masst 
which grow up out of the drops of water which fall from the stalac 
tites above them, before all the carbonate has been deposited. 

419. Calcium Oxide (CaO). — On beitv^ heated, calciuD 
carbonate begins to give off carbomc a.e\^ «X, ^ \<yw ^K^\iS5» 
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and at full redness is completely n^solved iiit<i rairiuin Mxi<l«*, 
commonly called quick-lime, and carlnMiic iu'id. For usi* in 
the arts, limestone is burncHl in Kj>o(:iiiI i'urnar<*H, of jMuMiliar 
construction, called lime-kilns, soniu of which an; ho arnin^«-<l 
j that they may be kept in operation for years without int»T- 
missioiL 

Caldnm oxide is infusible at the most inton^o boat at our 
present command, and is, therefore, used for makin<{ (rru('il)lt>s iu 
vhich the most refractory metals are meltcMl by the aiil of tho 
componnd blowpipe. 

420. Calcium Hydrate (CaH,0,). — When water is l)r«>n;i)it 
in contact with calcium oxide, the latter swells up and falls to 
powder; a large amoimt of heat is evolvwl, and then^ is ob- 
tained a compound of calcium, hydrogen and oxygen, coniini^nly 
called slaked lime, or in chemical language calcium hydrate : - 
CaO + H,0 = CaHjOy 

Brp. 195. — Place a lump of recently-burned quick-lime, wei^'li- 
iiig about 30 grms., upon a large earthen plate ; pour u|)on the lime 
some 15 or 20 c. c of water, and observe how much the lime increases 
^hulk as it is converted into calcium hydrate. The heat of the mass 
^y be shown by thrusting an ordinary friction-match into the nii<l<lle 
®^it; inflammation will ensue. 

So much heat is developed during the union of water with lime, 
that wood will quickly be brought to the* kindling temperatuni and 
Earned, if it happen to be in contact with large masses of these 
substances reacting upon one another. Fires are very frequently 
^^ccasioned by the access of water to ships or warehouses in which 
^uick-lime is stored. 

421. Wben lumps of quick-lime are exposed to the air they . 
slowly absorb both water and carbonic acid, and after a while 
'^1 to powder. This powder is known as air-slaked lime. 
"hen hydrate of calcium is stirred into water, there is fonned 
iiot only a true solution, lime-water, which may be obtained 
^'^rand colorless by filtration, but also a turbid liquor consist- 
^ of particles of solid hydrate of calcium diffused through the 
lune-water ; this liquor is known as milk or cream of lime, 
^^^^rding to its conaisteDcy, 
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Both milk of lime and dry calcium hydrate absorb 
carbonic acid and hydrogen sulphide. For this purpose t 
used in the purification of coal-gas. On this property of 
ing carbonic acid depends also in great measure the use 
in mortar. 

Mortar is commonly prepared by mixing 1 part of quick-li 
water enough to form a thin paste, then adding 3 or 4 parts oJ 
sharp sand, and thoroughly incorporating tiiese ingredient 
|)at»te thus obtained is applied as a thin layer to the moists: 
facc8 of the bricks or stones to be united. The pasty mor 
sets to the hard mass above described, and, on continued exp 
the air, it slowly absorbs carbonic acid at its surface, and is th 
verteil into a comi>act compound of hydrate and carbonate of < 
The Rtonu-like mass thus obtained binds firmly together th 
or stones Ixitween which it has been interposed. The plaster 
for fininhing the walls and ceilings of rooms is mortar, to 
qiumtity of hair has been added to increase its tenacity ; in 
it is, of course, subject to the same chepiical changes as < 
mortar. 

422. Calcium hydrate, like sodium or potassium 1 
exhibits a strong alkaline reaction when tested with mc 
litnnis-paper, and exerts a corrosive action upon most 
substances ; hence it is often called caustic lime. Th 
of lime, as an ingredient of composts to be used as i 
appears to depend, iu great measure, upon its power of 
ing tlie decay and disintegration of organic matter. 

Exp. 196. — Add a few drops of water to a small quantit; 
calcium hydrate, and rub it to a pa^^tc between the fingers, 
be felt that the alkali acts upon the skin ; a little of the c 
really dissolved. 

Lime is important, also, from being not only the c 
alkali, but the cheapest of all the ])ascs. It is used 
manuf^icture of the caustic alkalies, soda and ])otash ; 
inonia-water and of bleaching-powders ; as a flux in man; 
lurgiciil operations ; in the refining of sugar ; for prep 
lime-soap in the manufacture of " stearine " candles, j 
numberless other purposes. 
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423. Calflinin folphate (CaBOj occurs in natun*. ^\l^ tlip 
mineial anhydrite. The mineral gypsum iH a liydniUMl ruiriuni 
sulphate (CaSO^ 4~ ^ ^O)* -^^^ same liydnited salt nuiy 1h> 
obtained by adding sulphuric acid, or tlie solution of hoiih* miI- 
phate, to a strong aqueous solution of almost any of the salts of 
calcium. 

When gypsum is heated moderately it is converttnl into the 
anhydrous calcium sulphate, which is ofUin called plaster of 
Paris. If the anhydrous salt thus pre})arHl be made into a 
paste with water, and then left to itself, it soon sets or hanh*ii.s 
into a compact, coherent mass. This solidification is a conse- 
quence of the reassumption by the calcium sulphate of the two 
molecules of water of crystallization which were driven ott* by 
heat when the substance was made anhydrous. 

On account of this property, plaster of Paris is largely used 
for making casts of various objects. It is also used in the manu- 
facture of stucco and of various imitations of marble. 

424. Ordinary hydrated calcium sulphate is soluble in 
about 400 parts of water at the ordinary temperature. It occurs 
in sea-water and also in most well- and spring-waters. Water 
containing calcium salts, such as the carbonate and sulphate, 
is " hard," and is not well adapted either for washing or for 
cooking. 

Bzp. 197. — Dissolve a small bit of the hard soap of Exp. Ill 
in hot water, and add to the solution an equal bulk of a solution of 
calciiun sulphate. The mixture immediately becomes turbid, and 
after a few moments there will be formed a greasy, flocculent, adhe- 
sive scum upon the surface of the liquor. This precipitate is lime-soap. 

Hard soap may be regarded as essentially sodium stearate ; on the 
edition of calSRim-^ulphate the metals calcium and sodium change 
places, sodium sulphate and calcium stearate being formed : the latter, 
^ has been seen, is insoluble in water. When soap is added to hard 
^ater,'*it will neither produce any permanent froth nor cleansing 
effect, until the sulphate, or other lime-salt present, has all been de- 
<^inposed ; with such waters, much soap is consumed in removing the 
^cium compound, before the proper detergent action of the soap 
^ be brought into play. 
20* 
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425. Calcium Photphate. — The most important of the v»' 
rioiiB calcium phosphates is the calcium phosphate (Ca^^Oj 
commonly called bone-phosphate, because found in bones. It 
i» the chief of the inoipiuic constituents of which the skeletons 
of animals are conipose<l. Small portions of it are found in 
most rtjcks and s(»ils (§ 142), it being a very widely diffused, 
though nowhere a very abundant substance. ConsideraUfi 
masses of it have been found, however, in Spain, New Jersey, 
North Carolina and Canada, and it is the principal ingredient 
of some kinds of guano. No matter whence obtained, it is a 
valuable manure when reduced to a fine powder. Though as 
goo<l as insoluble in water, it dissolves readily in acids and in 
solutions of various organic substances. 

When this calcium phosphate is treated with strong sulphuric acid 
there is formed a soluble hydrogen calcium phosphate (H^CaPjO,), 
commonly called ** superphosphate of lime." 

Ca^,0, + 2 H,SO, = H,CaP,0^ + 2 CaSO^. 

Artificial fertilizers are made by thus treating ground bones with 
sulphuric acid. The reaction just given is also one step in the manu- 
facture of phosphonis from bones. 

In the manufacture of phosphorus the burnt bones are first treated 
with sulphuric acid. The soluble hydrogen calcium phosphate 
(H^CaPjOg) is filtered from the insoluble calcium sulphate, mixed 
with charcoal, dried and ignited. The following reaction takes place 5 
a ])ortion of the phosi)horu8 is set free and condensed under cold 
water, while the residue consists of a certain amount of calcium pho©* 
phate identical in composition with that originally contained in tb^ 
bone {ish : — 

3 H,CaP,Og 4- 10 C = Ca^PjOg -|- 4 P + 10 CO + 6 H,0. 

426. Calcium chloride (CaClg) may be prepared by dis 
solving chalk or marble in chlorhydric acid (as in Ezp. 75), 
and evaporating the solution to dryness. When dried at about 
200®, calcium chloride is left as a porous mass, which is largely 
employed in chemical laboratories for drying gases (Appen- 
dix, § 16). It absorbs water with great avidity, and is one of 
the most deliquescent substances known. When exposed tc 
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air at the ordinary temperature, it soon ubeorlM h<» iiiik'Ii Wiit«T 
that it dissolves completely. At a low re<l-heat tin; nnhydrtmH 
chloride melts to a clear li(]uid. 

427. Calcium hypochlorite (CaCl,0,), as has Wen nhown in 
§85, is a component of the subtitaiice commonly Ciill<Ml "' chlo- 
ride of lime" This important Weachinj^ a«;(!nt is jui'panMl liy 
passing chlorine gas into chambers tilled witii Livers of liiidy- 
powdered slaked-lime. Chloride of lime, or l)lea<:iiin^-IM)w<liT, 
is a dry, white powder, smelling feebly of hypoohloroiw arid ; 
when exposed to the air, it slowly absorl)S earlM»nic acid, and. at 
the same time, evolves chlorine : hence its employment as a dis- 
infecting agent. If, instead of being left to Ih», slowly actrd 
upon by the carbonic acid of the air, it be treated with a dilute; 
acid, — such as vinegar, — a copious evolution of chlorine will 
inimediately occur. When heated, bleaching-powder gives oil' 
oxygen, and calcium chloride is left as a residue. 

Exp. 198. — Fill an ignition tube one-tbird full of bleach iii<,' 
powder, and arrange the apparatus so that the gas may be collected 
over water. Heat the tube, and ob8er\''e that the gas is expelled at a 
comparatively low temperature. 1 grm. of bleaching powder yields 
40 OP 50 c. c. of oxygen gas. 

STRONTIUM (sr) AND BARIUM (lia). 

428. The metals strontiuin and baiinm closely resemble cal- 
<^ium in appearance and properties. The specific gravity of 
strontium is 2.6 ; that of barium is 4.0. The atomic weight of 
strontium is 87.5, and that of barium 137. Like calcium, stron- 
tium and barium are both bivalent elements. 

Jiost of the compounds of strontium and barium are closely analo- 
gous to the corresponding compounds of calcium. The oxides, per- 
oxides, hydrates, carbonates, sulphates, nitrates, phosphates, chlorides, 
si^Jphides, etc., resemble in the main the corresponding calcium salts. 
The hydrates of strontium and barium are, however, more readily 
Soluble in water than calcium hydrate, while their sulphates, nitrates 
*^d chlorides are less soluble than those of calcium. Barium sulphate 
^ almost absolutely insoluble in water, and strontium sulphate is only 
Very slightly soluble. Barium sulphate is found native, sometimes in 
considerable masses, as a very heavy white mineral c**""-^ ^^.rytesy 
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which, when powdered, is largely employed for odalterating wh 
lead. The name barium comes from a Greek word meaning ha 
Strontium Halts are commonly jirepai'ed from the native carbonate 
mineral called strontiaiiite, while the various salts of barium \ 
obtained either fi-om the native carbonate (^ritherite), or nn 
commonly from the sulphate. 

The coloi-a imparted to the giis flames by the compounds of c 
cium, strontium and barium may be illustrated as follows : — 

Ezp. 199. — By means of iron wire, suspend three small bull 
of well-bunietl coke from a ring of the iron stand. Heat the fr 
ments in turn with the flame of the gas lamp, and observe the sligh 
yellowish flame which will be produced in each case ; then moisl 
one of the pieces of coke with a solution of calcium chloride, i 
second with a solution of barium chloride, and the third with a so 
tion of strontium nitrate, and again heat them in turn with the \ 
flame. The calcium salt will impart a reddish-yellow color to 
flame, the barium salt a green color, and the strontium salt a beauti 
crimson. 

LEAD (pb). 

429. Almost all the lead which is employed in the arts 
extracted from native lead sulphide, PbS, the mineral gale: 
This substance is tolerably abundant in many localities, and 
often associated with barium sulphate, fluor-spar, quartz a 
other common minerals ; it almost always contains a small f 
portion of silver sulphide. 

Lead is a remarkably soft jnetal, of bluish-white color: 
can be readily cut with a knife, and may even be indented w 
the finger-nail ; it soils paper upon which it is rubbed, 
specific gi'avity is 11.4, and its atomic weight 207. It may 
drawn into wire, and beaten into sheets, though, as contras 
with most of tlie other metals, it has but little tenacity. 
J melts at about 325°, and may be obtained in crystals by slo^ 
cooling the molten metal. 

The ready crystallization of lead furnishes a very simple method 

separating this metal from the silver with which crude lead is aln 

always contaminated as it comes from the smelting furnaces. Wi 

melted argentiferous lead is allowed to cool eiowly^and is at the sfi 

time briskly stirred, a quantity oi aoWOi ^.Tys^'w^SJ^Jv^a sSKficoa %fc^ 
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after a while, aud sink beneath the 1i(|ui(l iiii*t4i1, whcihf th«-y 
be dipped out in culaiiden. Thetu* crvHtaU an* ('niii|HiMfl nl 
.nearly free from silver, while all hut u trare of ihv ^ilv^•r foil- 
ed in the ori^nal lead i& left in that |)urtion nf tin* niftal uhidi 
not yet solidified ; in a word, the alloy of leiul and HJlvcr niflt:* iit 
ver temperature than pure lead. By nietholirally nMucItin^ and 
^stallizing the lead crj'stals on the one Imnd, and the hilvcr allny 
le other, it has been found profitable to extract the Hilvcr frtun 
80 poor that it contained less than one thousandth jiart it.s 
ht of the precious metaL 

$0. When in thick masses, such as the common sluM^ts and 
3 of commerce, lead is scarcely at all acted u]K)n by cohl sul- 
ic acid, and is but slowly corroded by chlorhydrii; acid. 
I these acids form, by their action on the lead, ditiicultly 
}Ie salts ; and as soon as a layer of the salt has once Ijeen dc- 
«d upon the surface of the metal, the latter is thereby pro- 
d from further corrosion. On exposure to the air, lead soon 
shes, owing to the formation of a thin coating of a lead 
xide. By the simultaneous or alternate atition of water and 
ead is very rapidly corroded in consequence of the formation 
lead hydrate, which is converted by the carbonic acid of 
lir into a carbonate. All natural waters act more or less on 
In some cases the action is so slight that lead pipes are 
with safety for conveying the water ; in other cases the use 
jad pipes is very dangerous' on account of the poisonous 
icter of the -salts of lead. 

^. Lead protoxide (PbO), commonly called litharge, may 
'btained as a lemon-yellow powder by gently igniting the 
te or carbonate. In the arts, litharge is prepared upon the 
! scale by heating metallic lead in a current of air ; the color 
texture of the product vary considerably according to the 
)erature and other conditions at which the litharge has been 
ared. 

Kp. 200. — Heat a small fragment of lead upon charcoal in the 

izing flame of the blowpipe, and observe the gray film of sub- 

whicb forma at firet, and the yellow mai\i8to.\.\Wi qI \\\\isses^ 
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which ifl obtoineil subeequently. The litharge may be melted if a 
etron*;, hot flame 1)e thrown upon it. 

Other oxides of lead are the peroxide (PbO,), a dark 
brown p)wder formed by oxidizing litharge, and red lead or 
minium, which is a compound of PbO and PbO, in varying 
pix) port ions. 

432. Lead sulphide (PbS) occurs native as the mineial 
galena. It is also formed when hydrogen sulphide is passed 
into a solution of a lead salt. The precipitate which forms in 
tliis case is black or brown, or even i-ed, if the solution be dilute, 
On account <if the deep color, as well as the insolubihty of 
this precipitate, hydrogen sulphide is often made use of as a 
means of detecting lead ; the test is, in fact, so delicate that 
solutions containing only a hundred thousandth of their weight 
of metallic lead will assume a brown color on being charged 
with hydrogen sulphide. 

433. Other Salts of Lead. — Lead acetate, a soluble, readily 
cry stall izable saU, is much used in the arts. It has a sweet, 
astringent taste, whence the name sugar of lead. Like othei 
load salts, it is highly poisonous. Lead carbonate (PbCO,)) 
or rather compounds of the carbonate and hydrate in varying 
proportions, are used to an enormous extent as a white paint, 
under the general name of white lead. Lead silicate is of 
interest from being an important ingredient of flint glass; i 
certain proportion of it renders glass lustrous and very beauti 
ful. Such glass is, however, soft and easily fusible. It is 
moreover, rather easily acted upon by alkalies, acids and othei 
chemical agents, and is hence not well suited for use in thi 
chemical laboratory. 

434. In many points of chemical behavior the compounds oi 
lead resemble more or less clearly the corresponding compound 
of barium, strontium and calcium. It is, moreover, bivalent 
like the elements in question. Lead is, therefore, classed as 
member of the calcium group, although, as in the case wit 
fluorine in the chlorine group, it difl'ers in some respects froi 
the other members of the family. The specific gravity of lea' 
^8 11.4, P"^ i^s atomic weight 207. 
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CHAPTER XXV. 

MAevEBnnc, zorc, ahd cadmiuu. 

KAON ESI UM (Mg). 

• 

435. The compounds of magneunm an^. found widely dif- 
fosed, and rather abundantly, in nature. TIk^ bitter t:iste of st-a- 
waterand of some mineral waters is due to tlit* pn'sciicr of inaj^- 
nesium salts, while ma<mesium silicate and c<irbonate aiti con- 
tained in a variety of minerals, and in such coniiuon rocks ius 
dolomite, serpentine, soapstone and tide. 

436. Metallic magnesium may be pre])ared by heatin*^ an- 
hydrous magnesium chloride with metidlic sodium, and su}>- 
sequently dissolving out in cold water the sodium chloride 
vhich results from the reaction. Magnesium is a lustrous 
metal, as white as tin ; its symbol is Mg and its atomic weight 
24. It does not tarnish in dry air, though in damp air it 
Boon becomes covered with a film of magnesium hydrate. Cold 
^ter acts on magnesium only slowly ; hot water acts more 
lapidly, magnesium oxide being formed and hydrogen being 
8et free. The metal dissolves readily in almost any acid with 
evolution of hydrogen. It melts at a low red heat, and vola- 
tilizes at higher temperatures ; it may be readily distilled at a 
"right red heat. When heated strongly in the air it takes 
fire and bums with a bluish- white light of great brilliancy 
^^ high actinic power. The metal is employed by j)hotogra- 
phers for illuminating caverns and other places into whicli 
sunlight cannot penetrate, and in cloudy weather it is even 
^ by them as a substitute for daylight. The metal can bo 
pressed into wire or into thin ribbons, and a considerable 
quantity of it is now used in both these forms for purposes of 
Rumination. 

437. Magnesium Oxide or Magnesia (MgO). — There is but 
one compound of magnesium and oxygen ; it is obtained as a 
^hite amorphous powder when magnesium is burnt in the air, 
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or it may be prepared by igniting the carbonate, chloride oi 
nitrate. 

Ezp. 201. — Roll 10 or 12 c. m. of magnesium wire or thin nb- 
Ixin into a coil around a small pencil ; ^-ithdraw the pencil and plao0 
in itrt stead a piece of iron wire or a knitting-needle ; holding this win 
horizontally, ai^ply a lighted match to the end of the magnesium oul; 
the magneisium will bum to the white oxide which coheres in ania- 
l»erfect coil, clinging to the iron wire. A portion of the oxide goes off 
as white smoke. 

The oxide is tasteless and odorless. It is altogether infiisiUe . 
at temi>erature3 sliort of that of the oxy-hydrogen flame. Veij 
excellent cnicibles for scientihc purposes are prepared by conh 
pressing magnesium oxide into suitable forms. 

438. Salts of Magneunm. — Magnesinm chloride (MgClJ 

is found in sea-water and many saline springs. HagnesilUll nt 
phate (MgSOj, or rather the hydrated compound (MgSO^-f 
7 H,0), is known as Epsom salts on account of its occurrener 
in a mineral spring at Epsom, England. It occurs in other 
springs, and is made artilicially from various native minerals 
containing magnesium. It is a colorless crystalline salt, readily 
soluble in water, and having a bitter taste. It is much, 
used in medicine. Magnesium carbonate (MgCO,) occuis 
native as the mineral magnesite. The magnesia alba of tho 
shops is a varying mixture of magnesium carbonate and hy- 
drate, and is prepared by adding sodium carbonate to a hot 
solution of magnesium sulphate. 

ZINC (zn). 

439. Zinc does not occur in nature in the metallic state, bat 
in combination with other elements such as oxygen (red pxi4^ 
of zinc) and sulphur (zinc sulphide, or blende) ; the carbonate 
and the silicate of zinc are also native minerals. 

Zinc is a bluish-white metal of crystalline texture, brittle a* 
the ordinary temperature, and also when heated above 200°, hut 
at a temperature of about 130° or 140° it may easily be rolled 
out or hammered into sheets. The metal melts at 425°, ^ 
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boils at a bright Ted beat: in presence of uir the nil hot lui-t.il 
takes file and bums i^^'ith a brilliant bluiHli-whitc Ii;:lit aii<l 
fonnation of a dense cloud of white oxide <if zinc. 

Ifa strip of thin sheet zinc lie held in thf flanif of tlir ^^a;* lamp, 
it can readily be bume<l to oxid<'. The cxiM-riniciit >uri«-«MU )>i--t 
with zinc leaf, which instantly burns with a vivid thiiiH* and Imiiia 
tionof floating flocks of the white oxide. In (»x\«4i'n ^^as, /.int- )>ttiii^ 
with peculiar brilliancy. 

Ezp. 202. — Mix intimately in a mortar 20 ^'nns. of drv '^i.inn 
wed zinc (or zinc dust, if it can 1)e obtainc<l) and -40 ^^'niui. nf miiii- 
saltpetre; heat to redness a small Hessian crurihli* in an antlira* itc 
fire; remove the crucible from the tiie, and ]»laif it in siicli pn-itii.n 
that any fumes which may subsequently be I'Volvitl fii»m it >liall In- 
drawn into the chimney. By means of a sp<M>n or latllc. pinjcct inin 
theied-hot crucible the mixture of zinc and sjdtprtn*, taking' tan- lt» 
stand away as far as possible from the crucible. The ^^rratcr part «it' 
the metal will bum fiercely, at the expenw of the oxvj^en in the .-alt- 
p^, though a portion of it will be v<datilizcd l>y the intense heat uf 
combustion and converted into zinc oxi<h* in the air. The residue in 
the crucible is a soluble compound known a^ potassium zincate. 

Granulated zinc is much use<l in chemical labomtories, lor a 
^ety of purposes, but particularly for jireparing hydrogen (§ 35). 
•It may be prepared by melting the zinc in a Hessian crucible and 
beating the melted metal nearly to redness. The crucible is tln-n 
ftmoved from the fire and its contents poured, in a thin stream, fnau 
a height of 6 or 8 feet into a vessel of cold water. This process of 
Emulation or feafherivg may be conveniently applied to any of the 
other easily fusible metals, such as bismuth, lead or tin, when tluy 
We required in a finely divided condition. 

In the manufacture of zinc a quantity of the vaporized metal is 
condensed in a very fine state of division corresponding to the " llow- 
*^^ of sulphur." This zinc dust (which contains, also, some zinc oxide) 
'« already used to a considerable extent in Europe in indigo-dyeing in 
^lie manner illustrated by Exp. 159, but has not yet become an ordi- 
^^ article of commerce in this country. It is a very convenient 
form of the metal for many experimental purposes. 

440. Zinc is not much acted upon either by moist or dry air, 
*t the' ordinary temperature, as it soon tarnishes and becomes 
<^vered with a thin film of a basic carbonate of zinc, which 
22 
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adlieres closely to the metal, and protects it from fiirtl 
Uwing to this dutability, the niotal is much used ii 
of shouts, iiheet iron and iron wire abo are often co 
a protecting coating of zinc, and are then aaid — 
properly — to be galvanized. Zinc forms serera 
ftlloyi; braes is an alloy of zinc and copper, and Gel 
is a, brass whitened by the admixture of a small pro 
nickel. The specific gravity of zinc varies from 6.S ' 
atomic weight is 65. 

441. Zine is readily attacked and dissolved by acii 
instances with evulution of hydrogen. The cbeni 
of dilute acids upon zinc is a very common sour 
peculiar mode of force called a galvanio cnrrei 
are few, if any, chemical reactions which cannot h 
produce electricity, and in general, the moi« powerful 
cal action, the more powerful is the electrical acl 
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strip of aliei?t iini-, 4 c. ni. 
be reiuillj- effected by rub 
of the proposed place o 
chloride, berore applying 
der a simili 
strips uf zinc and copper 
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of the copper plate. 2d. The zinc diMinlves more ra])i«l]y than 
before, and at the cloee of the exjieriiueut, zinc sulphate may 1)e 
lecovered from the liquid in the beaker. 3<L This ti-uuHfi^r of tlic 
hydrogen from the zinc to the copper inntantly ceaMen, if ili«; cont;u:t 
lietween the wires is destroyed. 4th. If the two win*j4 \ni coniH.'ct(:<l 
with the two ends of the coil of wire which Hummmls the iiiagiictic 
needle of the common galvanometer, the deflection of tliu HUH|)eii«lnl 
needle will demonstrate the fact that an electiic current in |mi«ftin^ 
through the wires from one plate of metal to the other. 

• This experiment well illustrates the principle on which a lar^^o 
class of batteries employed in telegraphing and in elivti-o-nictal- 
lurgy are constructed and worked, except that the corrosion of 
the zinc is generally hindered by coating it with mercury. 
-442. When zinc is immersed in the solution of a lead salt, 
such as the nitrate or acetate, zinc dissolves, and load is deposited 
in the metallic state : PbN,0, + Zn = ZnN^O. -f- Pb. 

Bxp. 204. — Dissolve 10 grms. of lead acetate in 250 c. c. of 
vater, add a few drops of acetic acid in onler to dissolve the cloudy 
precipitate of lead carbonate, which is formed from the ***« 'J'** 
<!arbonic acid in the water, pour the solution into a wide- 
inouthed bottle and suspend in it a strip of sheet zinc 
The zinc will soon be covered with a brilliant coating of 
^stalline spangles of metallic lead, and this crystalline 
station, which is known as the lead-tree, will continue 
^ grow until all the lead has been deposited from the 
*>lution ; the latter will now contain nothing but zinc acetate. 

If, in this experiment, the piece of zinc be weighed before and after 
Jts immersion in the lead acetate, and if the precipitated lead be also 
Weighed, it will be found that the weight of the lead obtained is to 
the weight of the zinc dissolved very nearly as 207 is to 65, — that is, 
^ the atomic weights of Jead and zinc respectively. This experiment 
^ interesting as illustrating the general law of the replacement of one 
'Octal by another according to a fixed proportion ; when the quan- 
^valence (see § 74) of the two metals is the same, this proportion is 
•he ratio of the atomic weights ; when the quantivalence is different, 
**2 proportion is some multiple of this ratio. Thus, in the foregoing 
'^periment, for every atom of lead precipitated an atom of zinc was 
^solved. In the similar case represented by the following equation 
*ie atom of zinc takes the place of two atoms of silver : — 
2 AgNO, -f Zn = ZaJSffi^ + 2 Ag^ 
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443. Bleotro-ohemioal Ralatioiui of the Blamentik — Otk 

BubfltanceH, besides the zinc and copper of Exp: 203, if brougb 
into cfmtact in ii litiuid capable of affecting them unequally, exhibi 

similar electrical phenomena. It is necessary that >^o /^ .^^i 

the 8u}:Htmice8 shouM 1x)th be conductors of elec-. Negative End- 

trit-ity, and that the lic^uid should contain some Oxygen. 

cf >miM>und ca])able of such decomposition that there Sulphub. 

shall be formed a new compound containing one Nitrogen. 

of the substances immersed in the liquid. When Fluorine. 

the two substances, as in Exp. 2()3, are connected Chlorine. 

by means of a copper wire, a current of electricity Bromine. 

jHisM^s along the wire in each direction ; the cur- Iodine. 

rent which passes from the zinc to the copper in Phosphoeus. 

the liquid, and from the copper to the zinc in the Absenic. 

air, irt culled the positive current, and under such Boron. 

conditions the zinc is said to be positive with refer- Carbon. 

ence to the copper. Antimont. 

When the wiie which connects the two plates Silicon. 

is tut, the flow of electricity ceases ; but if the Hydrogen. 
two extremities of the wires be immersed in some 

conducting lic^uid, the flow is re-established. In Gold. 

many cases the pa.ssajj;e of the current through a Platinum. 

li([iiid alfectH its decomposition. The two extrem- Silver. 

ities of the wires are ailhjd poles ; that connected Mercury. 

with the negative plate is called the positive pole. Copper. 

and that connected with the positive plate is called Tin. 

the negative pole. If the poles of a galvanic bat- Lead. 

tory be immersed in a solution of zinc chloride Cobalt. 

(ZnClg), for example, this salt is decomposed by Nickel. 

the action of the electrical current ; the atoms of Iron. 

zinc go to the negative pole, and hence are called Zinc. 

positive, with reference to the atoms of chlorine, Manganese. 

which are called negative, h^ddiw^e. they go to the Aluminum. 

positive pole. With reference to other metals, as Magnesium. 

to magnesium, for instance, zinc is negative. The Calcium. 

terms positive and negative are thus seen to be Sodium. 

merely relative, and under certain circumstances Potassium. 

the relati(ui of one element to another may be di- Positive End t 

rectly reversed. ' '.<r,/ ,yy^ cyC tVw j 

It J8 posf^ible to arrange the chem\ea\ ft\^vcvfew\;^ ^W«t\\s^to thei 
electro-chemical characters, as oxdimxiVy ^^jOcAWx^^, ?.vi X)cv^\. ^«!^ '^ 
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meDtin tlie series will be positive to any element placed above it, and 
negadve to any one given below it On page 25G the clcnicnU arc m 
ananged. Speaking somewhat loosely, all the elements which in this 
list precede gold are negative, while gold and the elementti which fol- 
low it arc positive. The negative elements are spoken of collectively 
as the non-metallic elements, while the positive are known a8 the 
metallic elements.* 

The property which one metal possesses of replacing another in 
its salts, 88 illustrated by Exp. 204, is an exhibition of this same 
i^on. Metallic copper may be thrown down from a solution of 
one of its salts by the introduction of metallic iron or zinc ; a little 
metallic mercury put into a solution of silver nitrate will cause the 
fonnation of a diver-tree. In these cases the metal which goes into 
solution is said to be electro-positive to the metal which is precipitated, 
and the latter is electro-negative to the former. 

444. Salts of Zinc. — Zinc oxide (ZnO) is formed when 
Jnetallic zinc is burned in the air, and may also be prepared 
ty igniting the carbonate. Under the name of zinc white, 
it is somewhat largely employed as a white paint. It dis- 
^Ives readily in acids. Zinc chloride (ZnCl,) is a white, 
soluble, deliquescent substance, formed by dissolving zinc in 
Alorhydric acid. It is used for preserving timber, also in 
^dering to cleanse the surface of the metal. Zinc sulphate 
(^Oj, or rather the hydrated compound (ZnSO^ -|- 7 H,0), 
feown as wkite vUriolj is used to a certain extent in medicine, 
^ also in the arts. 

CADMIUM (Cd). 

446. Cadmium is a comparatively rare metal, found associated 
^th zinc in nature ; it is remarkably similar to zinc in its chemical 
^lations. It is a bluish-white lustrous metal, tarnishing somewhat 
^Jien exposed to the air. It melts and volatilizes at temperatures 
■^low redness. Heated in the air, it takes fire and burns to a brown 
^^de. Cadmium sulphide is of a bright yellow color, and has been 
I. ^M as a pigment. 

• See in this connection Bome additional statements on page 993. 

90. # 
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CHAPTER XXVL 

ALmmnnc, oivcnrvM, chsoxivm, mavoahesb, iboh, 

COBALT AVD VICXEL. 

ALUMINUM (aL) 

446. Aluminum is perhaps the most abundant element upon 
the earth's surface, next to oxygen and silicon. It is the 
most abundant of all the metals, as much as a twelfth of the 
solid crust of the globe being composed of it. It occuis 
in enormous quantities in combination with oxygen and sili- 
con, in most rocks and soils. It is contained in clay, marl 
and slate, as well as in feldspar, mica and many other commoo 
minerals. 

Although the compounds of aluminum are so abundant, no 
cheap method of obtaining the metal itself has yet been de- 
vised. For this reason it cannot be applied to many uses foi 
which it is otherwise well suited. It is generally prepared bj 
heating metallic sodium either with chloride or fluoride of alu 
minum, or with a double chloride or fluoride of aluminum ant 
sodium. 

447. Alnminnm is a bluish- white metal, of remarkable ligb 
ness. Its speciflc gravity, 2.56, is about the same as that c 
porcelain, and only about a quarter of that of silver. Tl 
metal is malleable, ductile and tenacious, and may be beat< 
into thin sheets, like gold and silver, and drawn into fiJ 
wire. It is remarkably sonorous : a bar of it suspended by 
wire rings with a clear musical note on being struck. Alui^f 
num-bronze, an alloy of 90 parts copper and 10 parts aluU 
num, is exceedingly hard, very malleable, as tenacious as ste< 
of a beautiful golden color, and susceptible of being higH 
polished. 

448. Aluminum oxide, or alumina (AljOj), occurs native, ' 
the minerals corundum, ruby and sapphire. Emery is impU 
aluminum oxide. 
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hydrate (Al^Oj may he nbtAinc^fl m a ^'(lat 
inons, flocculent precipitate, by adding amraniiia-watiT t^ tin* 
solution of an aluminum salt. The hydnite dissdlvcA n>a(lily in 
acids forming ahiminum salts ; it also disHiilveH in <'aimlir alka- 
lies fomiing a class of salts called alnminates. 

Exp. 205. — Heat a Bmall fragment of aluminum sulphate (com- 
mon alum \vill answer equally well) with water in a tiM-tulM- until it 
litt completely dissolved, pour half the solution into another tulx*, an<i 
nid to it, drop by drop, ammonia- water, until the cnIof of ammonia 
ponstfl after the mixture has l)een thoroughly hhakrn. Ahuninum 
hjrdrate will be precipitated in accordance with \\ut reaction : - - 

Al, 3 (SO,) + 6 (NH,)HO = A1^,0^ + 3 ^NH,\SO,. 

Put two or three drops of the moist aluminum hydratt* into 
Mother test-tube and cover them with annnonia- water ; no clear 
wlutionwill be obtained, for aluminum liydmtc is but slightly Koluhle 

■ 

^ ammonia- water. 

Put two or three drops of the moist aluminum hydrate into still 
another test-tube, and cover them with a solution of s(MHum hydrate ; 
tue precipitate will dissolve immediately ; sodium aluminate is formed, 
Mid this salt is easily soluble. 

Bxp. 206. — Take another portion of the clear solution of alumi- 
^^ sulphate prepared in Exp. 2()5, and a<ld to it, drop by <1to]i, a 
dilute solution of caustic soda. A precipitate will soon fall, as in 
^' 205, and if no excess of sodium hydrate were added, tTii^ jire- 
wpitate would remain undissolved, but on adding more of the Wxla 
'Solution the precijjitate dissolves at once, with formation of sodium 
^J'umuate (Na^l,0^). 

449. AlTiniiiinm hydrate combines readily with many organic 
^loriug-matters, forming compounds insoluble in water. 

^^. 207.— -Take a small quantity of the solution of cochineal 
Prepared in Exp. 154, add to it an equal bulk of a solution of alu- 
^^'luiii sulphate (or of common alum), and then add to the n)ixture 
^''^monia-water, as in Exp. 205. A colored i)recipitate, consisting of " 
J^^ininum hydrate and of the coloring matter of the cochineal, will 
thrown down ; it is the substance called carmine-lake. Similar 
P^cipitates may be prepared by substituting almost any other organic 
^loring matter for the cochineal of this experiment. Precipitates 
^ formed by the union of a metallic hydrate ^"'' * coloring, 
^^r are classed as lakes. 
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457. Chromium sesqniozide (Crfi^ prepared by igniting 
the hydrate (Cr^Oj, is a green powder somewhat used as a 
pigment. The hydrate may be obtained by adding ammoniar 
water to a sohition of a salt of chromium. It. forms a balky 
gn«n precipitate. 

458. Chromium sulphate (Cr, 3 (SO^)) is sometimes prepared 
in the pure state ; generally, however, it is prepared in combina- 
tion with potassium (or ammonium) sulphate forming chroma 
alum, a beautiful violet crystalline salt. The formula of ordi- 
nary chrome alum is CTjX, 4 (SO^) -}- 24 H,0. 

Bzp. 209. — Dissolve 15 gnus, of powdered potassium bichro- 
niatc in KK) c. c. of warm water ; cool the solution, and then add to 
it 25 grms. uf concentrated sulphuric acid ; cool the liquor again, and 
j)our it into a jwrcelain dish, surrounded with cold water ; slowly stir 
into the mixture 6 grms. of alcohol, and set the whole aside. In the 
course of 24 hours, the bottom of the dish will l^ecome covered with 
well-defined, octahedral crystals of chrome alum. 

In this experiment the chromic acid which is set free by the 
sulphuric acid gives up a part of its oxygen to the alcohol, and is 
converted into cbromiuni suliihate, which unites with the potassium, 
sulphate to form chrome alum : the alcohol is" oxidized in part to 
aldehyde (§ 235) (the peculiar odor of which is distinctly perceived) 
and partly to acetic acid. 

459. Chromic anhydride (CrOg) may be obtained by treatlxvg 
potassium bichromate with sulphuric acid. The chromic bhI^T 
(Iride separates in red crystals, which dissolve in water w3-^'^ 
formation of chromic acid (H^CrOj. Several of the chroma^"^* 
find application in the arts, as the normal potassium chroni 
(KgCrO^), the potassium bichromate (KgCijO, = BLj,CrO^,Cr 
and the lead chromates. 

MANGANESE (mu). 

4G0. Manganese is a grayish-white, hard, brittle metal, * 

principal ore of which is the binoxide (MnOg), which has ' 

ready been employed in the generation of oxygen (Exp— 
^ 22) and of chlorine (Exp. 30, § 78). The residue in ^[ 
latter case consisiQd of mangajieBe c\3\otv^^, ^N\v\OtL .Tasc^ 
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obtained in pink crystals (BffnCl, -|- 4H,0) by filtorin^ tho 
liqnid left in tho flask and evaporating the solution until it 
dystallizes. 

There are several oxides of manganese besides the binoxido. 

46 L Manganic anhydride (MnO,) and manganic acid 

(HjBCnOj have never been obtaine<l in a free stati;. Scvenil 
of the manganates, however, are well-known bodies. Potassinm 
"*"CftTiatft (K^llnOj may be made by fusing t^)gcthor man- 
ganese binoxide, caustic potash, and pofcissium chlorate. The 
manganate is soluble in water, the solutitm being of a groon 
color. When this green solution is boiled potassinm perman- 
gUiate (KjMiijOg) is formed, which gives a dark i)uri)le colonel 
solution. The nianganates and permanganates readily giv(» up 
oxygen and lose their color; even a piece of wood or paper 
thrown into the green or red solution of a manganate, or jKjr- 
inanganate, will quickly abstract oxygen from the solution and 
<Iestroy its color. Potassium permanganate is largely employed 
^or disinfecting putrid water, as well as animal or vegetable 
otters in a condition of putrefaction. The oxidizing acti;.n 
<^f potassium permanganate may be shown by the following 
experiment. 

&p. 210. — In a beaker or flask dissolve 0.25 grm. of crystallized 
°Xalic acid in 50 c. c. of water, add 5 c. c. strong sulphuric acid, and 
^ann the solution to about C0°. Then add a solution of potassium 
P^nnanganate drop by drop, and observe that the color is at first 
^'^iinediately destroyed. Continue to add the permanganate until it is 
^*^ longer decolorized. The reaction that has taken place may be 
^'ins represented : — 

K,Bffn,0, + 5 C^H^O, + 3 H,SO, = 

2 MnSO, + K,SO, + 8 H,0 + 10 CO^ 

^ *ie oxalic acid (CfiLfl^) is entirely converted into water and car- 
^^iiic acid : the potassium permanganata gives up its oxygen and is 
^^^^erted into a mixture of manganese and potassium sulphates. 

% this property of potaasium permanganate are based methods 
^' the guandtetiVe estimation of readily oxkWiaVA^ «vxfe(^\!kRft!i w\<jk 
^ Qxafic add or the ferrous salts. 
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IRON (re). 

402. Although iron is one of the most widely diffused and 
most abundant of the metals, it is rarely found native in the 
metallic state. Meteors, however, fall upon the earth from onto 
Kpar(>, whiirh consist mainly of metallic iron, contaminated with 
Heveral cjtli(*r elements in small proportions. Minerals contain- 
ing iron occur in great numbers ; and there are indeed few 
natural substances in which iron is not present. It is found in 
the ashcNS of most pLints, and in the blood of animals. Th6 
natur.il compounds of iron which are available as ores of tiiB 
metal an* chieflv oxides and carbonates. 

From tlie richer iron-ores a very excellent iron can be ob- 
tainetl ])y simply heating the broken ore with charcoal in an 
(•IM'ii forge fire, urged by a blast. The ore is deoxidized by the 
carbijn of the fuel, and the reduced iron is agglomerated into a 
] Misty lump called a " bloom," while the earthy impurities con- 
tuin(*d in the ore combine with a portion of the oxide of iron to 
form a fusible glass or slag. This process is not economical in 
tlio cheniioal sense, for much iron is lost in the slag, and much 
fuel is burnt to waste in an open fire, but when well conducted 
it yields an a(hnira])le (juality of iron, and is easily practised 
by people possessing but little mechanical skill and no chemical 
knowledge ; it is undoubtedly the oldest method of extracting 
iron from its ores. 

403. In the extraction of iron from its common ores, the 
metal is usually obtained, not pure, but in a carburetted fusi- 
])le state, known as cast-iron or pig-iron. The main features of 
the process are, first, a previous calcination or roasting to expel 
water, carbonic acid, sulphur and other volatile ingredients of 
the ore ; secondly, the reduction of the oxide of iron to the 
metallic state by ignition with carbon ; thirdly, the separation 
of the earthy impurities of the ore by fusion with other matters 
into a crude glass or slag; and lastly, the carbonizing and melt- 
ing of the reduced iron. The preliminary calcination is not 
alv/ays essential, but with many ores, especially the carbon' 
ates and hydrates, it is very desirable ; not unfrequently all the 
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the unaltered nitrogen ascends the shaft. The layers of solid m 
rial thrown in at the top of the furnace gradually sink down, i 
as MM)n us a stratum of ore has descended sufficiently to be hes 
by the hot mixture of nitrogen and carbon protoxide it beco: 
re<lu('ed to spongy metallic iron, which, mixed with the flux and 
earthy impurities of the ore, settles down to hotter parts of the 
nace, where it enters into a fusible combination with carbon, w 
the flux and cailhy impurities melt together to a liquid slag. ' 
li([uid carburette<l iron settles to the very bottom of the fum 
whence it is drawn out, at inter\*als, through a tapping-hole whic 
Btoppe<l with sand when not in use. The viscous slag flows out ( 
a dam, so placed as to retain the iron, but to allow the escape of 
slag which floats on the iron, as fast as it accumulates in suffic 
quantity. As fresh portions of the ore, fuel and flux are continii 
Bupplie<l, and the iron is withdrawn from time to time, the pro 
goes on without interruption sometimes for several years. 

The gases which issue from the mouth of the blast-furnace 
charged with an enormous heating power, for besides being th 
selves intensely hot they contain, even after having effiected 
reduction, a large proportion of combustible gases, such as cai 
protoxide, carburetted hydrogen and hydrogen. They are, tt 
fore, collectcfl at the top of the furnace by a sort of conical hood, 
ducted off through a pipe, and burned in suitable furnaces, the '. 
produced Inking utilized in raising the temperature of the blast ol 
forced into the furnace through the tuydres. 

Cast-iron contains from 2 to 6 per cent of carbon ; in white i 
which is hard and brittle, and of crystalline texture, the carbon sc 
to be mainly in combination with the iron ; while in gray iron, w 
ia slightly malleable and of granular texture, the carbon exists eh 
as graphite mechanically disseminated through the iron. Cast- 
also contains a small amount of silicon and not unfrequently raai 
nese ; it is, moreover, usually contaminated with minute quant 
of sulphur and phosphorus. 

4G4. The production of malleable or "wrought "-iron f 
cast-iron consists essentially in burning out the carbon, sili 
sulphur and phosphorus which cast-iron contains. This ox 
tion of the impurities of cast-iron is effected by a process kn 
as puddling. The operation consists in melting the iron ; 
reverberatory furnace and stirring it so that the air will com 
conf '" it. 
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diroctly from cast-iron is that known as the BoMemor procc 
From two to six tons of cast-iron, previously melted in a suital 
furnace, are poured into a large covered crucible, called the CC 
verier, which is made of the most refractory materials, a 
swung on pivots in such a manner that it can be tipped up a 
cmi)ti(Hl by means of an hydraulic press. Through uumerc 
apertures in the bottom of the crucible a blast of air is fon 
up into the molten metal ; the combustion of the carbon a 
silicon of the iron, as well as of a portion of the iron itsi 
causes an intense heat, which keeps the mass fluid in spite 
its rapid approach to the condition of malleable iron. Towai 
the end of the operation a sufficient quantity of spiegeleisen 
introduced into the crucible. This spiegeleuen is a peculiar al 
of iron, manganese and carbon : the manganese removes some 
the oxygen previously combined with iron and some sulphi 
the carbon converts the whole mass into steel, and the mel 
steel is immediately cast into ingots. 

The symbol of iron is Pe (Latin,/(?rrttm) ; its atomic weight is 

407. Oxides and Hydrates of Iron. — The best known of 
compounds of iron and oxygen are the protoxide (PeO), or i 
reus oxide, as it is often called ; the sesquioxide (PcsOs), of 
calle<l ferric oxide; and the magnetic oxide (Fe304). 

468. Iron protoxide or ferrous oxide (PeO) may be • 
tained by igniting ferrous oxalate in close vessels ; it abso 
oxygen so rapidly that it takes fire when brought in cont 
with the air. Ferrous hydrate (PeH^O,), obtained by add: 
caustic alkali to a solution of a ferrous salt, is a. white prccipit 
which rapidly changes on exposure to the air by taking 
oxygen. 

4G9. Iron sesquioxide or ferric oxide (Pe,0,), called a 
red oxide of iron, occurs abundantly in nature as hemat 
specular iron and red ochre. It is valuable as an ore of ir 
It is also prepared artificially, and is much used as a pigme 
A fine variety, known as rouge^ is used for polishing glass i 
jewelry. By heating ferric oxide in a current of hydrogen, 
other reducing gas, metallic iron is readily obtained. This ox 
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: iron is called utquioxidf because it contains once and a half 
} many atoms of oxygen as of iron (aesquiy Ijitin, one and a 
alf). 

Ferric hydrate (TeJElfi^) may be prepared by addinp; an 
(cess of ammonia- water to tiie solution of almoKt any ferric 

at. 

Ezp. Til — Cover a teaspoonful of fine iron filings or small tacks 
ith 8 or 10 c. c. of dilute sulphuric acid in a small bottle ; when thi* 
'olntion of hydrogen slackens, dilute with an equal bulk nf wutir 
id filter into a small iiask. To the liquid add a few drop of 
rang nitric acid, and heat it to boiling. The liquor will 8o<m lie 
lored dark-brown by the nitrous fumes resulting from the dironi- 
>sition of the nitric acid, which are for a short time held disitolvftl 
' the liquid ; but this deep coloration soon passes awny, and then* is 
ft only the yellowish-red color of the ferric sulphate which has Wfu 
rmed. Add to the solution ammonia-water, until the odor of the 
tter persists after agitation, and collect upon a filter the flocculent 
d precipitate of ferric hydrate, 

470. There are several ferric hydrates which occur in nature 
id differ somewhat in composition from this the normal hy- 
ate. Yellow ochre is a variety of ferric hydrate. The readi- 
588 with which ferric oxide gives up oxygen to reducing 
jents is shared by the hydrate as well. The iron nails eni- 
byed in the construction of ships, bridges, fences, or shoes, 
xtually corrode, " eat up " or " bum out " the organic matter 
I contact with them, by absorbing oxygen from the air and 
•ansferring it to the carbon compound with which they are 
I contact. The rotting of canvas by iron rust, or of a fishing- 
ne by the rusty hook, are familiar instances of corruption by 
ist. 

Ferric hydrate readily absorbs sulphuretted hydrogen with- 
>nnation of an iron sulphide ; it is much used on this account 
I the purification of coal-gas. 

471. The magnetic oxide of iron (Fefl^) occurs native. It 
the richest of the ores of iron, and when pure contains about 

J per cent of iron. 

472. Perrous and Ferric Salts. — There are, generally sper ' 



270 FERROUS AND FERRIC SALTS. [J 473. 

ing, two series of iron salts, in one of which the atom Fe is 
bivalent, and in the other of which the double atom (FeJ is 
•ezivalent. Thus there are two chlorides, — ferrous chloride, 
FeCl,, and ferric chloride, (Fe,)Cl,; similarly there are two 
nitrates, two sulphates, etc. 

473. Perrous Sulphate (PeSOj. — A hydrate of this com- 
pound, of composition FeSO^ -f- 7 H,0, usually called copperas 
or i/reeti vitriol, ia the most common of all the compounds of 
iron. It may readily be prepared by dissolving metallic iron oi 
ferrous sulphide in dilute sulphuric acid. On the large scale it 
is commonly prepared by roasting iron pyrites (PeS,) at a gentle 
heat. 

When perfectly pure, the crystals of ferrous sulphate arc 
compact, transparent and of a bluish-green color ; but in dij 
air they effloresce and become covered with a white incrust* 
tion, the color of which subsequently changes to rusty browr 
through absorption of oxygen. The common commercial arti 
clc ia of a grass-green color, and is contaminated with mow 
or less ferric sulphate. AVhen heated, the crystals first lose 
th(;ir water of crystallization, and on further application of 
heat the salt is decomposed, sulphurous and sulphuric anhy 
drides are given off, while ferric oxide remains. Upon this fact 
depends the preparation of fuming sulphuric acid (§ 135). 

474. Ferric sulphate (Fe^ 3 SO^) is interesting, chiefly froff 
its analogy with aluminum sulphate. Like the aluminum salt 
it combines with the sulphates of the alkali-metals, to form well 
defined alums. 

475. When exposed to the air, or to oxidizing agents, tin 
ferrous salts have a great tendency to absorb oxygen. 

Exp. 212. — Pour a solution of copperas into an open capsule 
and leave it exposed to the air for a day or two ; the solution vril 
gradually become yellow as the oxidation proceeds, and after a whil 
a rusty precipitate of ferric oxide, or of highly basic ferric sulpbatc 
will fall. 

Exp. 213. — Dip a small piece of cotton cloth in the solution o\ 
nutgalls prepared in Exp. 151, and allow it to become dry; then di] 
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in the solution of copperas and hang it up in danip uir. Block, iii- 
)lable iron tannate will be so finuly precipitaUil in and uiMm the 
bres of the cloth, that it cannot be waslicd away. 
This experiment illustrates one general nieth(xl of dyeing, by means 
f which blacks and grays of various shades may Ije applic«l to clnth 
r leather, though in practice other astringent oye-Ktuffrt, surh as catt- 
lu, cutch or gambier, are commonly employed in place of nut^alls. 
Ferrous sulphate is largely employed in dyeing, sometimus diitn-tly, 
tin the foregoing experiment, but often as the source of other eoiii- 
)Qiid8 of iron, which are employed as mordants ; ferrous acetate, f<»r 
sample, obtained by decomposing ferrous sulphate with calcium ace- 
te,i8 a compound much used by dyers. It should l»e remarked, 
)wever, that ferrous acetate is sometimes made directly by dissolv- 
g scraps of iron in vinegar or pyroligneous acid (§ 238). Femms 
Iphate is also used in dyeing with indigo. Its use depends upon 
efact, that, when a solution of copperas is treated with calcium hy- 
ute, a ferrous hydrate is precipitated ; tins fenous hydrate has such 
tendency to absorb oxygen, that a mixture of copi)eras and slaked- 
fue fonns a powerful reducing mixture. 

Exp. 214. — Dissolve 1 grm. of copperas (iron sulphate) in KX) 
c. of water in a bottle of 200 c. c capacity. Into the solution stir 
mixture of 1 grm. of finely powdered indigo and 1.5 gnns. of freshly 
aked lime ; f fill up the bottle with w^ater and cork it. Shake tlie 
ottle occasionally, and, after eight or ten houi-s, pour off, or remove 
ith a pipette (Appendix, § 20), a portion of the clear and nearly 
ilorless liquid without disturbing the precipitate in the bottom of 
le bottle. Expose this liquid to the air in a shallow dish ; it c(3n- 
ans white indigo in solution, but the oxygen of the air rapidly causes 
tie formation of blue indigo insoluble in the liquid, as was seen in 
^ 158, 159, § 342, where a different reducing agent was employed. 

476. Silicates of Iron. — Several native silicates of iron 
re known, but none of them are of special interest. The 
Teen tinge of ordinary glass is due to the presence of a fer- 
OUS silicate, and by increasing the proportion of the ferrous 
^t, a deep bottle-green color may be imparted to the glass, 
lis color may be destroyed by introducing into the glass dui-- 
ig the manufacture manganese binoxide, or some other ox- 
lizing agent. The ferrous silicate is thus converted into 
(Tic silicate which has little coloring power. 
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ins, two eeriea of iron salt-, in one of irYf 'errom cyaiBi* 
biT&leilt, and in tho other <rf wluch tK -'P'tate, which t^« 
MXivaleat Thus there are two e>"'-posed to the di, Bad i 
Feci,, and feme cliloride, (FW.^ obtained in solution. Bnt 
nitrates, two aulphatea, «te.^' - '-■ya'ii'les of iron are catMn 
473. PerroDS Snlphat*' iwustituio the familiar pigment^ 
pound, of uouipoMtioB, *, ruwian blue. Conunon Prussian Um 
or yr«)» vUriol, ii t^ ., ""'>' '"" regarded as a compound ot fo^ 
iron, Itnmyw":'.'.''^'-' ^ Pe(CW)„2(Pe^CH)J + 18H,0:it 
fefrous t _ 

^jfrtM to an exceedingly dilute Bolntion of aIniiKit UiJ 
""Cfrf csaniple, oa the ferrii; eulphate of Ei:p.!U,» 
I fuTocj'anide (§ 387). A beautiful blue predplat* 
n 8U!>]U!iided in the liquor for a long while. 
_^^*f,(v iif PfLissinn lilue, known as TumhulV! blot, may be 
,,ii*|J',,f mi-'iiiiir :i Hi'lution of potassinm femeyanide (§ 338) will 
^^jjLiiil^iiri'fi'as ur other ferrous salt 
^■potassium ferrof-yanide will give no blue coloration witli 
^^^taltii, aud sini« tlio ferriuyanide yields no blue with ferric 
'^"it 18 eviileiit that tlie two solutions may be used as tests 
^ tfliich to detect the presence of ferrous and ferric sails, 
^-iBijtively, in any solution. 

fgp. 216. — Soak a piece of cotton cloth in a solution of ferric 
gMbaU: (Exji. 211), nnil then immerse it in an acidulated solalion o> 
natwnum feiTOcyanide. Pnissian blue will be piiieipitaterl upon the 
cldlb, and will remain firmly attached to it. Prussian blue is larget; 
enployiKl in rlyein;; and calico printing in a variety of ways. 

478. Iron protosalphide (FeS) is a substance of great valu* 
to the eliemidt as tiie che:ii>est sour!;e of tho important reaganti 
sulphuretted hydrogen (§ 121). Tlie sulphide may be p"' 
Jiared by i'jnitiii^' pyritfs in a covi;red crucible, by nibbiaS 
roll brimstone against a whitn hot iron bar, or by fusing ^ 
gether sulpiiur and iron turnings (Exp. 47, § 115). 

Bzp. 217. — Dissolve a smidl trj-stal nf ferrous sulphate (cop- 
peras) in water, and add to the liquid a drop or two of ammoninPi 
Bulphydrate ( § JOl). Black iron sulphide will be thrown don™- 
The finely divided protosulpbide thus obtained in the wetway,'!'*' 
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adyesmuch more quickly in acidti than the coiiqMu-t Hulphiihr (»1itaiiii«l 
by the way of fusion ; in contact wit)i uci<ls it <*V(ilvrs ^i^iv^ Mituniultu- 
OQBly that it would be inconvenient an a M>urci> <»f hyilruj^rn Milpliiilf. 
The black eailh between the vtontM of the pavenu-nts nf cities, .nid 
at the bottom of drains and cef^iMjols, owes its ioI<»r tn imii pi-nto- 
Bnlphide formed by the imtrefaction of sulphuiftte^l cnin|Miunds in 
contact with ferric oxide contjiine<l in the eailh. 

479. Iron bisnlphide (FeS,) occ^urs abundantly in natuif as tlu' 
well-known mineral iron pyrites. WImmi tln» pyrites is roast*^ 
at a high temperature, sulphurous anhydride is fonned, and 
ferric oxide left, as in the manufacture of sidphuric arid. 
When the temperature of the burning pyrites is kept low, the, 
product is principally ferrous sulphate, and a large amount of 
copperas is thus obtained by roasting jiy rites and then treating 
with water. Under certain conditions pyrites oxidizes in the; air 
at the ordinary temperature ; the spontaneous combustion of 
many kinds of coal is due to the oxidation of iron pyrites dis- 
seminated through the combustible. 

COBALT (co) AND NICKEL (xi). 

480, Cobalt and nickel arg two metals remarkaldy similar to 
^h other in both physical and chemical ])roperties. They oocur 
together in nature, generally in combination with sulphur and arsenic. 
They have the same atomic weight (58.8) and ne^irly the same specific 
gravity (8.2 to 8.9). Nickel is somewhat used as an ingredient of 
<5ertain alloys, of which German silver, composed of copper, zinc and 
^ckel, is the moat familior. 

Like iron, cobalt and nickel form protoxides (CoO and NiO) and 
'^'^rrwponding proto-salts ; like iron, they form sescjuioxides (COjOj 
^^ NijOj) and corresponding per-salts. Unlike iron, however, the 
I^otoxides are more stable compounds than the sesquioxides. To 
^^gnate the two series of salts, the terms cobaltous and cobaltic, 
^^'^'^^kelous and nichelic are sometimes employed. 

^81. The Sesquioxide Group. — The most striking char- 
*^8tic of the metals which have been grouped together in 
^ chapter is the property which they possess of forming 
^niozides and a corresponding series of salts ; mos^ ** ' ^ « 
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form protoxides as well, and if we arrange the metals in the 
order of their atomic weights, 

Gl = 14, Al = 27.4, Cr = 52.5, BCn = 55, Fe = 56, 

Ni = 58.8, Co = 58.8, 

the sesquioxides of the metals at the head of the list are the 
most stable of the sesquioxides, and the protoxides of nickel 
and cobalt are the most stable of the protoxides, while with 
manganese and iron both forms of oxide are well represented. 
CUucinum and aluminum have no protoxides at all, and the 
protoxide of chromium is very unstable. 

482. Uranium (Ur) (at. wt = 120). —With the members of this 
group niuy be classed the rare metal uranium, the sesquioxide of 
which is used to give a beautiful yellowish-green color to glass, and alst 
the following elements, which are more or less nearly related to alumi- 
num and iron : — Yttrium, Yt; Erbium, Br; Zirconium, Zr; Cerium, 
Ce; Lanthanum, La; Didymium, Di; Thorium, Th; Gallium, Ga. 



CHAPTER XXVII. 
COPPEB Am) MEBCUBT. 

COPPER (CU). 

483. Though by no means one of the most abundant metals, 
copper is nevertheless very widely diffused in nature, and is 
largely employed by man. Traces of it exist in almost every 
soil, whence it is taken up by plants, in which it may almost 
always be detected by refined testing. Traces of it have 
repeatedly been found also in the various animal organs and 
secretions. Besides occurring in the native state, copper is 
found in a great variety of combinations ; the most common of 
its ores, however, is the sulphide, or rather a compound of cop- 
per sulphide and iron sulphide in varying proportions, known as 
copper pyrites. The carbonates and oxides of copper are also 
valuabl'^ ''° '^^^s. 
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• 

484. Copper is a rather hard metal, of a woll-kiiowii n^l 
color; it is very tenaciouR, ductile and mallea))l(*. At the or- 
dinary temperature the metal is not alti»nMl in dry or nmist 
air, unless finely divided. When heated in the air it Iwconn's 
covered with a coating of a black oxide. Metiillic cop{H'r i.s 
not very readily acted upon by acids, excqiting those rirh in 
oxygen. Except when finely divided it is scarcely act<Ml u|H)n 
by even concentrated chlorhydric acid ; iii hot sulphuric acid it 
dissolves as copper sulphate, sulphurous anhydride being given 
off; in nitric acid somewhat dilutwl, it dissolves rtMidily as 
copper nitrate, and nitric oxide escaiK's (Exp. 21, § 62). 

485. Several of the compounds of copper with other nietids 
Me of great importance in the arts. Brass and the yellow- 
inetal used for sheathing ships are alloys of zinc and coppt^r; 
bronze, gun-metal and bell-metal are alloys of tin and copper, 
and various compositions are produced by mixing these alloys 
^th brass ; copper is also an essential ingredient of all the 
common coins, implements and ornaments of gold and silver. 

486. Cuproiu and Cupric Salts. — There are two series of 
<^pper salts, in one of which the atom Cu is bivalent, while 
iQ the other the double atom Cu, is bivalent. Thus, cupric 
cbloride is CuCl, ; cuprous chloride is Cu^CL. As a rule the 
<^pric salts are the more common and the more stable of the 
*wo series. 

487. (hddes of Copper. — There are two oxides of copper. 
I^per snboxide, cuprous oxide or red oxide of copper (Cu^o) 

^^'^urs in nature as " ruby copper" It may be prepared artiti- 
^J in various ways, as, for example, by the action of cei-tain 
^Qcing agents on alkaline solutions of cupric salts (Exp. 135, 
* SBS). Cuprous oxide is used to give a ruby-red color to glass. 

'^^fpper oxide, cupric oxide or black oxide of copper (CuO) 
J^*y be prepared by heating the metal in a current of air, or by 
%^ting the carbonate, hydrate or nitrate. 

Bxp. 218. -T- Bind a bright copper coin with wire, in such nian- 
''^ that a strip of wire 8 or 10 c. m. long shall be left projecting from 
**^ coin ; thrust the free end of the wire into a long coi*k or bit of 
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wood, and by means of this handle hold the coin obliqnely in a 
flaine of the gas-lamp. A beautiful play of iridescent colors will ap- 
pear upon the surface of the copper, particularly if it be moved to 
an<l fro. Thnist the hot coin into water, and observe that it is at 
this stage covered with a red coating of copper suboxide. Replace 
the coin in the lam]) and hold it in the hot oxidizing portion of the 
flame ; it will soon liecome black from the formation of copper prot- 
oxide. AfU;r a rather thick coating of oxide has been formed, again 
quench the coin in water : the black coating or scale of oxide will fall 
off, and beneath it will be seen a thin film of the suboxide firmly ad- 
hering to the metal. 

XSaq;>. 219. — Evaporate to dryness in a porcelain dish upon a 
sand-bath some of a solution of copper nitrate prepared from copper, 
as in Exp. 21. Place a small quantity of the dry residue upon % 
fragment of porcelain, and ignite it until red nitrous fumes are nc 
longer given off. Copper protoxide will be left upon the porcelain. 

488. Copper hydrate (CuH,0,) is formed when caustic alkali 
is added to a solution of a salt of copper. 

Xbcp. 220. — Place in a test-tube, or small bottle, 8 or 10 c c. of 

a cold dilute solution of copper sulphate, and atld to it enough of % 
solution of caustic soda to render the mixture alkaline to test-paper. 
A light blue precipitate will fall ; hydrsite of copper is insoluble in 
water and in soda lye. 

Exp. 221. — Repeat Exp. 220, with the difference that the solu- 
tions of caustic soda and copper sulphate are both heated to boiling 
and are mixed while hot. Instead of the blue hydrate, black coppei 
protoxide will now Ihj thrown down, for copper hydrate readily parfe 
with its water when heated, even if it be all the while immersed is 
water ; it does not again combine with water after it has become 
cold. 

£zp. 222. — A.i,'ain repeat Exp. 220, but instead of soda lye ailc 
to the c(>i)per salt ammonia- water, drop by drop, and shake the tub< 
after each addition of the amnion ia. Copper hydrate will be precipi' 
tated as before in accordance with the reacti(jn, 

CuSO, + 2 (NHJHO = (NH,)2SO, + CuH,0„ 

for, as has been said, this hydrate is insoluble in water ; but sinc( 
copper hydrate is readily soluble in anmionia-water, the precipitate 
will redissolve as soon as more of this agent than is needed to decom- 
pose the copper salt is added. The ammoniacal solution of copp^ 
has a ma/^ificent azure-blue color. 
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489. Copper sulphate (CuSOj may ho obtainod hy treat ini^' 
metaDic copper with hot Rul[)hiinc acid (sec» § 123), r»r hy dis- 
solving copper oxide in dilute sulphuric ari<l. The ailt rry.s- 
tallizes with 5 equivalents of water. This hydnite<l sjdt is 
bown as blue vitriol, and is much UHe<l in tin* arts. 

It is remarkable that the blue color of copper 6ul})hate de- 
pends upon the presence of water. 

B^ 223. — Heat a little powdered blue copper sulphate uiK)n 
apiece of porcelain ; as it loses its water, the light-blue powder will 
turn white. A drop of water upon the anhydrous powder will restore 
the blue color. 

490. Acetates of copper are formed by the action of acetic 
acid upon metallic ccpper exposed to the air. They are com- 
monly called verdigris. Verdigris is usually prepared by 
packing plates of copper between woollen cloths steej)ed in 
vinegar. The term is often, although incorrectly, applied to the 
green coating of carbonate which forms on metallic copper when 
long exposed to moist air. 

Sulphides of copper (Cn^ and CuS) occur native, and the 
double sulphide of copper and iron called copper pyrites has 
already been mentioned as an ore of coi)per. Cupric sulphide 
(CuS) is of considerable importance to the analyst ; it is formed 
when hydrogen sulphide is passed into a solution of a cupric salt, 
and is a black powder, insoluble in water, in dilute acids, and in 
alkaline solutions. 

MERCURY (Hg). 

491. Small globules of metallic mercnry are sometimes found 
^ nature; but the principal ore of this metal is the sul- 
phide HgS, called cinnabar. From this sulphide the metal is 
'sadily extracted by distilling a mixture of it and quicklime, or 

• 

iron-turnings, in cast-iron retorts. The sulphur is retained by 
the lime, or iron, as the case may be, while metallic mercury 
P^es off in the state of vapor into receivers containing water, 
beneath which it condenses to the liquid state. Large quan- 
•lities of mercury are used in extracting gold and silver from 
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their ores, for silvering mirrorSy and in the process of fiifr 
gilding. Preparations of mercury are employed also as medicfr 
ments, and for various purposes in the useful arts. The fluidit} 
of the metal makes it valuable in the construction of certaii 
philosophical instruments, of which the thermometer and barom 
eter are familiar examples. 

492. At the ordinary temperature of the air mercury is : 
brilliant, mobile liquid, of 13.6 specific gravity; it freezes a 
— 39.4°, becoming a ductile solid of tin- white color and gram 
lar fracture, which can be cut with a knife. Mercury vaporize 
slowly, even at ordinary temperatures, and boils at about 360 
The specific gravity of mercury vapor is 100, its atomic weigl 
200. The symbol Hg thus denotes the two-volume weight ( 
this element (§ 140), and the molecule of mercury is regarded! 
containing but a single atom. 

493. Pure mercury is unacted upon by the air at the oid 
nary temperature; when heated it is converted into the K 
oxide. It is not attacked by chlorhydric acid ; hot sulphur 
acid converts it into mercury sulphate ; it dissolves readily i 
nitric a(;id. 

494. Compounds of Mercury. — There are two oxides ( 
mercury, — an unstable black suboxide (Hg^O) and the ordinal 
red mercury oxide (HgO). This latter oxide, as commonly pr< 
pared by heating mercury in the air, or by gently heating me 
cury nitrate, is a compact, granular, almost crystalline, glistei 
ing powder, of bright brick-red color ; but when prepared in th 
wet way by adding caustic alkali to a solution of a mercuric sal 
it is, when dry, a soft, orange-colored powder. Mercury oxic 
is decomposed by heat, as has already been seen (Exp. 3, § 9 
Corresponding to the oxides of mercury are two series of cor 
pounds, the mercuric salts in which the atom Hg is bivalefl 
and the mercurous salts in which the double atom Hgj 
bivalent. 

495. Mercuric sulphide (HgS), which occurs native as ci 
nabar, is the most important ore of mercury. An artificial pr 
duct of the same composition, known as vermllioUy is used as 
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ment. The same compound is formed when hydrogen sul- 
de is passed into a solution of a mercuric salt ; thus prepared 
\ of a black color. It is insoluble in water, in dilute acids, , 
nearly insoluble in alkaline liquids. 

96. Mercnrons ehloride (Hg^Cl,), commonly called ealomel, 

ixtensively -used as a medicament. It is a heavy white 

der, which volatilizes at temperatures below redness with- 

previous fusion. It is tasteless, odorless, and as good as 

luble in water. 

97. Mercuric chloride (HgCl^, better known by the name 
orrofldve sublimate, commonly occurs in commerce, in trans- 
nt, crystalline luasses. It melts at about 265^, forming a 
pless liquid, which boils at 293**; the fumes are acrid, and, 
the salt itself, exceedingly poisonous. 

[ercnric chloride unites with many organic substances to 
I compounds insoluble in water and imputrescible. It co- 
ates albumin, for example, and the more perishable portions 
¥ood ; hence the employment of raw white of egg as an 
iote in cases of poisoning by corrosive sublimate, and 
use of the mercury salt for preserving wood, — a purpose 
which it would, no doubt, be largely employed were it 
for its high cost. Collections of dried plants, and of other 
sets of natural history, are preserved both from decay and 
1 the attacks of insects by brushing over them a solution 
he chloride in alcohoL 

98. Amalgams. — Mercury unites with most of the other 
als to form alloys, many of which are pasty, or even liquid, 
n the proportion of mercury contained in them is large. 
36 alloys are commonly called amalgams, in contradis- 
bion to the ordinary solid alloys of the other metals, in 
3h mercury has no place. The liquid amalgams are true 
bions of other metals, or of solid amalgams, in the fluid 
mry. The so-called silvering of mirrors is an aynalg^Tn 
in. 

ercury may be detected in almost any soluble salt of the 
ent by introducing into a solution of the salt a piece of 
I copper. 
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Bzp. 22i. — Place a drop of a solution of either of the nitrates or 
chlorideA of mercury ujion a copper coin and rub the liquid over its 
Burfare. A white coating of metallic mercury will be deposited upon 
tiie metuL 



CHAPTER XXVIIL 
Tnr (Sn). 

409. Though by no means widely diffused in nature, and 
thc>u;.li ores of it occur in but few localities, tin is one of the 
metals which have longest been known to man. The principal 
ore r)f tin is tlu^ binozide, called tin-stone. In order to extract 
the metal from it, the tin-stone is mixed with powdered coal, 
and he^ited u|)on the hearth of a reverberatory furnace in a 
reducing flame. The reduced metal melts readily, and is then 
run out of the furnace into iron moulds. 

Tin is a lustrous white metal, soft, malleable and ductile, 
though nut very tenacious. Its ductility varies gi"eatly with 
the temperature; at 100° the metal may be drawn into thin 
wire, Init at 200° it is very brittle. When a bar of tin is bent 
it emits a i)eculiar crackling sound, and if the bending he 
repeated the metal becomes decidedly warm. These phenomena 
appear to depend on the disturbance of interlaced crystals con- 
tained in the bar, and upon the friction of these crystals on€ 
against the other. Tin always exliil)its a great tendency tf 
assume the crystalline form in passing from the liquid to the 
solid condition. Upon this peculiarity is founded a method oi 
ornamenting tinned iron. 

Hxp. 225. — Heat a piece of common tinned iron rvar the g^ 
lamp until the tin has melted, thrust the i)late into cold water in ordtJ 
that the tin may harden (luickly, then remove the smooth surface oi 
the metal by rubbing it first with a bit of paper moistened with dil^t' 
aqua regia, and then with paper wet with soda-lye. By this treat 
ment there will soon l)e laid bare a new surface covered with beautify 
crystalline figures, like frost upon a window-pane. 
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0. Tin does not tarnish in the air at onlinary tompcmiaros, 
or this reason, as well as on account of its hrilliutit lustre, 
; largely employed for coating other metals, — c(>p|K»r, ftir 
pie, as in ordinary pins, cooking vessels and bath-tulw, — 
iron, as in common sheet-tin, of which the so-called tin- 
is manufactured. 

1. The alloys of tin are important The composition of 
e, bell-metal, etc., has been already mentioned under 
r (§ 485), and that of stereotype metal under antimony 
5). Of the other alloys of tin those formed by its union 
lead are most remarkable. Plumhers* solder consists com- 
j of equal parts of lead and tin, though some kinds of 
»tain only one-third their weight of lead, and others only 
lird their weight of tin. Peicter is composed of tin, 
ler with a small proportion of lead, and sometimes anti- 

■ 

I. Compounds of Tin. — There are two oxides of tin; — 
rotozide (SnO) aud tin binoxide (SnOj. The latter oc- 
[lative, and is the principal ore of tin, as already states! 
3inoxide may be prepared in the hydrated form, and is 
n as stannic acid. Sodium stannate is used in dyeing. 
kolphide (SnS,) is a bright golden-yellow powder known 
isaic gold, and used in decorative painting. The chlorides 
i (SnCl, and SnCl^) are the most important of the com- 
Is of tin, and are much used in dyeing. 



CHAPTER XXIX. 
GOLD AND FLATIHUH. 

GOLD (au). 

J. Though generally found only in small quantities, gold 
y widely diffused upon the surface of the globe. Traces 
aay be found beneath the sandy beds of most rivers, and it 
I in many of the crystalline rocks and in the soils result- 
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ing from their decomposition. Many varieties of iron pyrites 
in particular contain appreciable quantities of gold, and 8al?er 
is noTcr found in nature altogether free from it. The cMef 
source of the metal as an article of commerce is native gold; 
this is sometimes found in a condition of purity, but is usually 
alloyed with more or less silver. It is collected, either directly 
by mechanically washing away the lighter substances with 
which it is associated, or, in the case of poorer ores, the gold 
is dissolved out chemically by means of quicksilver, and is sab- 
Kcquently recovered from the amalgam by filtration and dis- 
tillation. 

504. Pure gold is remarkable as being the most malleable of 
the metals. Its softness is nearly as great as that of lead. It 
has, however, much tenacity, and may be drawn into extremely 
fine wire ; 1 grm. of gold can be made to yield as much 
as 3 kilometres of wire. The metal can be beaten into leaves 
which are not more than -y^^^^^ of a millimetre thick. The 
specific gravity of gold is about 19.3; its atomic weight is 
196. 

505. In the air, gold undergoes no change at temperatures 
lower than its melting-point ; and upon this fact, taken in con- 
nection with the beautiful color and lustre of the metal, and its 
comparative rarity, its principal uses depend. 

On account of this indestructibility, gold was regarded by 
the earlier chemists as the king of metals ; together with plati- 
num and silver it is still spoken of as a noble metaL Fe^ 
chemical agents, excepting melted metals, have any action upon 
gold. None of the common acids, when taken singly, can 
dissolve it, though the metal is completely soluble in a mix- 
ture of chlorhydric and nitric acids (§ 75), and is not completely 
insoluble in nitric acid contaminated with nitrous acid or witb 
nitrogen peroxide. The elements chlorine and bromine, ^so"^' 
ever, unite with it in the cold, and when hot it is attacked bj 
phosphorus and arsenic. 

506. Alloys of Gold. — Gold unites with most of the othei 
metals ; but its most important alloys are those with copper; 
silver, and mercury. Pure gold is so soft that articles of jeW 
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made of it would quickly wear out if umkI ; such nrtirlm, 
bU as coins and watches, are therefore always maclc of ^»lrl 
h has been aIloy<?d with copper, in order to incrwise 
uirdness. The standard alloy for coin in thin country 
in France is nine parts by weij^ht of gold to one jmrt 
3pper; in England it is eleven parts of gold to one <»f 
3r. 

7. Salts of Gold. — The compounds of gold have littlo. 
ical interest ; two oxides are known (At^O and Au^O,) ; 
:hloride (And,) is somewhat used in the chomiral labor- 
; and the cyanide or rather a solution of gold cyanide in 
slum cyanide is used in electro-gilding. 

PLATINUM (pt). 

8. Platiniim is a metal which, like gold, has little affinity 
le other chemical elements. It is commonly found in the 
e state, alloyed with gold and with other metals. Like 
it is obtained by washing away the earth and sand with 
ii it is found mixed. It is a very heavy metal, tlio sjHJcitic 
ty of cast-platinum being 21.15. Its atomic weight is 
i. The color of platinum is intermediate between the 
J of silver and the gray of steel ; its lustre is far less bril- 

than that of silver. It is as soft as copper, very mallea- 
nd very tenacious ; it may be drawn into wire so fine that 
iameter is ouly x^Vtt ^^ * millimetre. It is not fusible in 
lary furnaces, but may be used in the blowpipe flame, and 
•wadays melted in considerable quantities in lime crucibles 
leans of a blowpipe flame obtained from common coal-gas 
oxygen. 

'9. Platinum does not oxidize in the air at any temperature, 
8 it attacked by any of the common acids taken separately ; 
qua regia (§ 76) it dissolves slowly, — much less readily 
gold. Chlorine- water dissolves it, but neither bromine nor 
e has any action upon it. 

cm its comparative inertness as a chemical agent, taken in 
action with its infusibility, platinum is an extremely useful 
I to the chemist. It is employed in the f^ * -'-'^'». Ipi 
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ft>r crucibles, evaporating dishes, stills, tubes, spatuke, foicepfi, 
wire, blowpipe tips, and the like ; and in the manufactare of oil 
of vitriol, hirjifo platinum stills, together with cooling siphons of * 
the same inetiil, are employed in the process of concentrating the 
acid. i: 

AVith most of the other metals platinum unites readily, fonn* ^ 
in;; alloys which in many instances are more fusible than pla- ^^ 
tinuni itself ; hence, in employing platinum vessels in chemical . 
oxpcnmcnU, care must be taken' never to touch the platinum ; 
with oasily fusible metals, or to place in the vessels any easibf \ 
reducible compound of a metal. ' 

510. A remarkable property of platinum is that of inducing , 
various gases to combine chemically one with the other. This 
power of causing combination is possessed even by clean su^ 
faces of the onlinary solid metal, though to a much greater 
degree by spongy platinum (Exp. 228), and still more by the 
very finely divided powder known as platinam black. 

Xbcp. 226. — Cut half a gramme, or more, of worn-out platinum 
foil, or wire, into small fragments, and boil tbeni with a teaspoonful of 
n(j[iia rej^ia so long as the metal appears to be acted upon, then decant 
the li([ni<I into a i)orcelain dish, add to the fragments of platinum 
another teaspoonful of acjua regia, and proceed as before, repeating 
the treatment until all the metal has dissolved. By the repeated 
action of successive small portions of the solvent, platinum and other 
c(nni)aratively insoluble substances can be dissolved n)uch more read- 
ily than if all the li([ui(l necessary for its solution were added at once. 
Evaporate the solution to dryness upon a water-bath, take up the 
residue with water, and preserve the solution of platinum chloride 
(PtCl^) thus obtained in a bottle provided with a glass stopper. 

Exp. 227. — Pour a teaspoonful of a solution of ammonium chlo- 
ride into a test-tube, acidulate the li([uid with chlorhydric acid» 
and add to it a drop of the solution of the jdatiimm chloride obtain®^ 
in the preceding experiment. A yellow, insoluble powder will soon b^ 
precipitated. The composition of this precipitate may be represented 
by the formula 2 NH^CljPtCl*. Repeat the experiment, and this 
time take enough of the platinum solution and of the ammonium 
chloride to make half a teaspoonful of the yellow precipitate, taking 
care that at last there shall be a slight excess of free ammonium 
chloride rather than of platinum chloride in the supernatant liquid. 
Allow the pTeci]^YtSit9. to settle, separate it ixom tbe clear liquor by 
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cantation, and dry it ))artial1j at a p<Riit1« Inwt Wlim tho ppprijii- 
te has aG(|Ujrc(l the consiRtence of fili<^lit1y inoiHtvitel c^irlli, tniiiA- 
* it to a cup-flhaped piece of platinum fnil, and hiiit it to ni1n<--H in 
e gas flame, OR lonj; as fumes of nmnioiiium chloridf* rontintif to 
ape. All the chlorine, hydrnfjen, and nitn»;;<'n will In* ilrivni «»tr, 
i there will remain upon the foil a itrny, Iwjwdv-rolH'nMit, H|Hin;;<»- 
emass of metallic platinum ; it i^ calle<l j^latinum njunuj*'. 
Bxp. 228. — Hold the dry platinum sjK>nj»e of Kxp. 227 in a 
earn of hydrogen or of common illuniinatin<^ ^a is.«uin;^' from i 
B jet The metal will ftoon he<nn to «;low, and in n moiiicMit will 
»ine hot enough to influnie the mixture of air and ^a^ in contart 
:h it Before friction-matches were eniplovnl, this projierty of 
»ngy platinum, of iufhuuing hydrogen, was sonu'tinics nnuh* \\9»} 
for striking a light The mode of action of the platinum in this 
)eriment is obscure ; it has already been alluded tu in § 1:27. 

511. PlatinimL black is a term applied to metallic plutinum, 
3n more finely divided than the spongo above descrilMMl. 
itinum black is not oidy capable of absorbing and storing 

many times its own bulk of oxygen gas, but it is also caiKi- 
3 of giving away this oxygen to many other substances. If 
sily oxidizable liquids, such as alcohol or ether, are droppcMl 
>oii platinum black which has previously Ix'cn cxposod to the 
r, the liquids will be oxidized and converted into new sub- 
mces, while the powder becomes red-hot from the beat evolved 
iring'the act of oxidation. 

512. With gold and platinum are classetl several rare metals, which 
2 never found except in association with platinum, and which closely 
5eml)le that metal. They are conunonly called platinum metals, 
i the group may be ajipropiately termed the platinum group. 
^fi whole group consists of Rhodium (atomic weight = 104), Ruthe- 
im (104), Palladium (106.5), Gold (196), Platinum (197.4), Iridium 
•8), and Osmium (199). Palladium is used to impart to brass 
-fixtures a peculiar reddish tint, sometimes called salmon-bronze, 
liuiii is used for the very hard tips of gold pens. Osmium 
nas, among other oxides, a volatile compound OsO^, whose vapors 
intensely poisonous. The metals of this group are noble metals ; 
Y withstand the action of the atmosphere ; none of them are 
id upon by nitric acid, though they dissolve in chlorine and in 
a regia. Their oxides part with all their oxygen when simply 
ted, leaving the metal behind. 
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5 1 3. BqiUTmleiit "Weii^ti. — In experiments like Exp. 204, § 44^ 
where one metal replaces another, it is found that the replacement 
always occurs in fixed an<l definite proportions. In this particalar 
experiment the amount of lend deposited was to the amount of ziae 
di8s<ilveil as 103.5 to 32.5. If a solution of a salt of silver had been 
employ e<l instead of the lead acetate, the amount of silver deposited 
would have U*en to the zinc dissolved as I()8 to 32.5. The weights 
of tlie metals thus deixwited or dissolved, that is to say, the amounts 
iiKlicated 1»y the numbers 103.5 and 32.5 in the case of lead and zinc, 
nny l)e nuid to be the equivalents of each other ; thene numbers (or 
others bearing the same relation to each other) may be called the 
r'lnivnlent iceights of lead and zinc respectively. The number of ele- 
ments whose equivalent weights can be thus determined by the actnal 
replacement of one by the other is limited, but even in cases where 
two elements do not replace each other, their equivtUent weights may 
still be determined by comparing each of the two elements with a 
third. In this way, by direct or by indirect means, we may draw up 
a table of tlie "efjuivalent weights" of the different elements ; these 
equivalent weiglits would be either the same as the atomic weights, or 
some simple multiple or submultiple of them, for by the very concep- 
tion of the atomic theory no replacement could take place except by a 
certain nunil)er of wliole atoms. 

In many works on cliemistry the student will find assigned to sev- 
eral of the i-lreniical elements other weights than those given on pag® 
205. Thus, it was customary at one time to assign the weight 16 to 
8iili»hur instead of 32, 8 to oxygen instead of 16, etc. These weight 
are the eijiuvalent weiglits just described, and they are still often us^ 
by persons devoted to the practical applications of chemistry. Tl*^® 
reasons which have led to the adoption of the series of atomic weigb*^ 
in present use cannot be appro])riately discussed in this manual.* F**^^ 
most puri)oses of calculation it is immaterial whether the "equiv^' 
hmt** or the "atomic" weights be employed. Thus water is made Up 
of 1 part by weight of hydrogen and 8 parts by weight of oxygen ' 
and it was formerly the custom to represent the equivalent weight O* 
oxygen (8) by the symbol O. On this system the symbol HO stoa^*- 
for water, and indicated that water contains hydrogen and oxygen iJ^ 
the proportion of 1 to 8, and that its e([uivalent weight is 9. Ba* 
since the molecule of water is hold to contain two atoms of hydrogel* 

♦ See Eliot and Storer's Manual of Inorganic Chemistry, pp. 603 and fol- 

lni»7iTifr 
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}]n of oxygen, the atom of oxygen weighing 16, the symbol 
ipound is written H^O. The proportion of hydrogen to 
Q both cases the same ; and, in general, it is evident that 
3 proportion in which any two or more elements exist in a 
>mpound is a matter of fact determined by analysis : it is 
which no theoretical conceptions of ours can change. The 
^hts, however, or the values which we assign to the symbols 
ents, must be fixed by what we hohl to Ix* true with regard 
iber of atoms in the molecule of the comiKmiid. It is a 
fledge of the molecular constitution of Ixjdies than was 
3 their predecessors that has led the chemists of the present 
ley new atomic weights in the case of a considerable num- 
elements. The more common elements whose atomic 
i double the equivalent weights formerly assigned to them 
W3 : — 



JFM, 


Iron, 


Platinum, 


I, 


Lead, 


Selenium, 


IM, 


Magnesium, 


Silicon, 


M, 


Manganese, 


Strontium, 




Mercury, 


Sulphur, 


[UM, 


Nickel, 


Tin, 


> 


Oxygen, 


Uranium, 


» 


Palladium, 


Zinc. 



g, then, from the formulae of the older system to the cor- 
fomiulae of the new, if the atomic weight of any element 
16 old equivalent weight, it becomes necessary, in writing 
of any molecule containing this element, either to take 
ly atoms of the element in question or to take twice as 
s of the other elements in the molecule unless they also 
leir combining weights doubled. Thus the symbol of the 
sitinum chloride was formerly written Pt CI, ; now, since 
ing weight of platinum is regarded as 197.4 instead of 98.7, 
, the symbol must be written Pt CI4, in order to express 
lative proportion of chlorine and platinum, 
menclature. — In connection with the adoption of the 
jhts now in use, although not logically dependent upon it, 
occurred certain changes of nomenclature, especially in 
e salts of the ordinary acids. The term acid itself is not 
same sense as formerly. Now (see pages 41 - 43) we are 
restrict the term acid to bodies containing hydroizen which 
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can he replaced by a metallic element ; it was fonnerly applied aln 
to iMxlies which in this book have been called anhydrides. Thus 
80, wn8 called sulphuric acid (or anhydrous sulphuric acid), and 
H^O^ wiiM re;^irded as a compound of SO, and water, and written 
HfO, SO, In like manner the sulphates were r^arded as com- 
]Nuin(ls of SO, with the oxides of the metallic elements, and weie 
nanie<1, in accordance with this idea, sulphate of soda, sulphate of 
lime, etc, instead of sulphate of sodium, sulphate of calcium, etc^ 
There is at the present time, however, no uniformity of nomenclature. 
Some chemists say sulphate of sorlium, some say sodium sulphate, 
others say sodic suli>hate ; while the old term sulphate of soda con- 
tends with them and with the still older term, Glauber's salt, for a 
l>lace in the lan«ruage of commerce, of literature, and of ordinary life. 
As a rule, when there are two series of salts derived from the same 
element, it is usual to distinguish between the two by the use of the 
tenuiiiations -ous and -ic, as, for example, ferroiM sulphate and ferric 
sulphate. 

In the designation of the so-called binary compounds (i.e. com- 
pounds of two elements only) there is the same diversity of practice ; 
thus the iinmcs soda, oxide of sodium, sodium oxide, and sodic 03ude 
are till api)lied to the same compound of oxygen and sodium. AVhere 
there are two oxides of the same element (or chlorides, sulphides, etc)? 
the terminations -ous and -ic are sometimes employed ; more gener- 
ally, however, prefixes, either Latin or Greek, are used : thus, whef 
the molecule of an oxide contains only one atom of oxygen it is caller 
the protoxide or monoxide ; when there are two atoms of oxygen in th 
molecule, it is called the hinoxide or di-oxide ; succeeding compoun<:> 
would he the teroxide or trioxide, quadroxide or ietroxide, etc. (s^ 
page 37). 

615. Quantdvalence. — In addition to the statements of § 74, it mil 
be remarked that the atom of the same element does not always posses 
the same quantivalence. Thus, while the qnantivalence of hydroge 
is always taken as 1, and that of oxygen as 2, the quantivalence o 
sulphur is sometimes 6, sometimes 4, and sometimes 2, that of nitrogei 
is sometimes 5 and sometimes 3. As a rule, when an element varie 
in quantivalence, the various degrees of quantivalence possible to th 
same atom are either all odd or all even. 

We do not know to what the observed difference in the combinin; 
power of the different atoms is due. In order, however, to repre^en 
it to the eye, it is usual to attach to the symbol of the atom of ai 
element as many dashes as will indicate the quantivalence. If com 
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don takes place between elementaiy atoms of two V\w\\ the 
qmniiwUnee of each element must be the same. If thiH In* ux- 
led graphically, the number of dashes attachutl to eacli hviuIn)!, 
8 is often said, the number of handa must be the same. Thux, in 
-CI we have represented the union of 2 univalent atoms; in 

- — H the anion of one bivalent with two univalfnt atoms. If 
mpoond is made up of atoms of more tlian two kinds, it i^ still 
ible to write the symbol graphically, so as to repremmt each atom 
nited to other atoms by all the bonds attached to it to indicate 
uantivalence. Thus, HsS04 and AgNOs may be written 

O O 

H — O — S — O — H Ag — O — N 

I I 

iiese 83nnbols the atoms are represented, H and Ag as univalent, 
3 bivalent, N as quinquivalent, and S as hexivulent. No mol- 
J can exist, by this theory, in which the atoms must be repre- 
3(1 with bonds unconnected with other atoms : thus there could 
10 such molecule as HO, for if written graphically, H — O — , 
seen that the oxygen is " unsatisfied.'' Such a group of atoms i3 
d a compound radicali and the number of bonds unsatisfied 
le quantivalence of the radical. Thus HO — is a univalent rad- 
while H — O — H, H — O — O — H (hydrogen peroxide), 

- O — Ca — O — H (calcium hydrate) are satisfied or " satu- 
i" molecules. This shows how it is possible for the single 
a of copper to be bivalent ( — Ou — ) and for the group of two 
as to form a bivalent combination — (Ou — Cu) — . This 
iping of the atoms together is not an arbitrary matter of the na- 

of a ** dissected map." In the arrangement of the atoms it is 
simply a question of so linking the atoms together that the con- 
ing implied by the quantivalence of the atoms shall be satisfied ; 
» fOTmulae attempt .also to represent in some sense the structure of 
^'nolecule, at least so far as to indicate the relations which we be- 
s to exist among the various atoms which compose it ; this is, 
ever, a matter not sufficiently elementary in its character to be 
adered in this place. Undue stress is laid upon this matter of 
ativalence by many chemists ; but the theory expresses, although 
rather crude way, relations which actually exist, and althoujjh it 
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may, and probably will, be displaced by some other theory which will 
explain the same facts in a more satisfactory manner, it has been, aoi 
iA, of great value. To the beginner it is chiefly valuable for the ail 
afltmled in writing formuls and equations. The grapfaical 
iormulA and equations written in accordance with this theory, an 
u:<eful, chiefly liecause they can be made to represent more facts and 
more 8upi>ositions than can be expressed in ordinary formulas and 
M^uations. 

The term atomicitj is applied to the highest degree of quantiva- 
lence which the same atom may possess ; and the atoms are deeig- 
mited as monads, dyuds, triads, tetrads, pentads, hexads and beptadfl, 
acconling as the atomicity is one, two, three, four, five, six, or seven* 
These terms, monad, dyad, etc, are sometimes used, however, to 
denote the more common degree of quantivalence, rather than the 
highest which the atom is capable of exhibiting. Thus the atomicity 
of leail is four ; its prevailing quantivalence is two ; lead would thin, 
according to the first plan, be spoken of as a tetrad, according to the 
second as a dvad. 

516. Oxidation and Rednction. — ^The terms oxidation and reduc- 
tion are used in a much wider sense than is implied in § 129 on page 
81, although the simplest use is as there indicated. As an example of 
another use of th(; terms we may take the case of the two chlorides of 
tin. If by some chemical process the ^Xoxmous oxide (SnO) were con- 
verted into the stainuc oxide (SnOj), we should legitimately speak of 
this as a process of oxidation ; if, now, the stannow* chloride (SnCls) 
in which the atom of tin, as in stannous oxide, is bivalent, be coH' 
verted into the stannic chloride (SnCh), in which the atom of tin, ^ 
in stannic oxide, is quadrivalent, we speak of this process also as oti' 
of oxidation, although there is no oxygen in either compound. If tb 
reverse action were peribrmed, and the stannic chloride were converte* 
into the stannous chloride, we should speak of the process as one c 
reduction. The ferrous compounds are converted into the ferric com 
pounds, the salts of chromium into chromates, the mercurous salts int' 
mercuric, and so on, by oxidizing agents, and, in general, where ai 
element can occur with two different degrees of qtuzntivalence, the passim 
from the lower to the higher is bf'ought about hy an 'oxididng action^ th< 
passing from the higher to the lower hy a reducing action. No objectioi 
can be made to the use of the terms reduction and reducing agent ii 
this connection ; the terms oxidation and oxidizing agent are, in somi 
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eues, manifestly improper, although still often wnnX, Surli u.mc of \\w 
terms origiDated when the dnalifitic idea that the Hnlts contaimd t!i<« 
coiresponding oxides was generally accepted, and from Kiirh wiltK an 
tolphates, etc, the use was extended even to chlon<les. 

Other characteristic examples of oxidizing and re<lucing art ions 
are as follows : — 

(p. 152) CtECi, HO + O = CfHsO, H + HsO. 

Alcohol. Aldehyde. 

Here the aldehyde contains no more oxygen than the nlcohol, but it 
contains less hydrogen, a portion of the hydrogen ha\4ng been oxi- 
Ui and removed as water. 

(^ 200) Oi6HioN«Ot + Hs = CisHisNxOs. 

Indigo bine. Reduced indigo. 

Here the hydrogen acts as a reducing agent, not by appropriating 
oxygen, but by actually entering into the molecule. "When tlu; re- 
tlueed or white indigo is exposed to the air it becomes blue. The 
white indigo is said to be oxidized, although the action is really a 
p Kmoval of hydrogen, as seen in the following equation : — 

OisHisNsOs + O = CisHioNsOi + "3,^0. 

Bednced indigo. Indigo blae. 

Chlorine is often spoken of as an oxidizing agent ; it acts in two 
inct ways, which may be illustrated as follows : — 

HgsClt + 2 CI = 2 HgCls. 
3H2O, ASiOa + 2 H,0 + 4 CI = 3 H3O, As^Os + 4 HCL 

Anenions acid. Araenic acid. 

^ the first equation chlorine enters into the compound oxidized ; 
«e mercurous chloride is said to be " oxidized " to mercuric chloride. 
«i the second equation the chlorine acts by appropriating the hy- 
^'ogen of two molecules of water, leaving the oxygen free to enter 
into combination. 

517. Volnmetrio interpretation of symbols. — We have already 
**tt (page 88) that all gaseous molecules are believed, under like con- 
ditions, to occupy the same space ; consequently, the symbols for all 
JDoiecides may be taken to rei)resent equal volumes of the substances 
Seated, and by general agreement -^/t^ symhol of a molecule when 
*wi to express mlumetric relatioiis always stands f(/r two volumes, 
The symbols ol the individual elements, as H, O, N, etc., we have 
•Iteady used to represent, 1st, an atom of the element, and 2d, a 
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rertaiii iiiimlier of |Mirt8 by weight of the elementary eubstaiM^ 
naiiifly, thut I i limber of {mrts which is iinlicateil by the combining or 
atoiiiir wi'i^lit. The Niiiie Kvuibol may be also used to denote (3d) 
n irrtaiii ■k'uluine of the I'leiiieiit in q^iestion, when that element is ift-' 
the pM-iiiis state. We have already ustfcl (page 18 and often) ^ 
py ml Mils H. O, N, ami 8, to denote one volume of hydrogen, oxygel^ 
iiitnt'r.'cii and sulphur (vajMir), ret«i)ectively, and, in gener<d, whentJM 
ch'tiifiit \A uiit* wh(is(* molecule contains two atoms, the symbol forthft 
at<'m is used to iiitlicate one volume. When the element isonewhoM 
niolcriih! CI »n tains only one atom, the symbol for the atom will bs 
also tilt' symlMiI of the molecule, and will denote two volumes ^^ 
til lis, Hg denotes two volumes of mercury vapor. When the el^ 
nient is one whose molecule contains 4 atoms, the symbol for the 
atom will indiiatu only half a volume : — thus, P stands for onlf 
half a voluiiK* of ]ih()sphorus vajior. Examples of the volumetDB 
intiTpreiatiiin of symlnds are found on pages 34, 37, 46, 97, and othesL 
Ah till' ^^rcat mnjority of the known elements cannot be volatilized^ 
or made j^'asi'ous, by the highest temperatures as yet at our command, 
iimler conilitioiis which permit the chemist to experiment with th0 
;^'i-M- ]H(Mln<*eil, it is plain that the com]x>sition by weight is, in the 
]»irscnt state of cheiiiistry, of far gueater practical importance than 
roiM position by volume. 

nis. Coincidence of Atomic Weight and Unit-Volnin« 
Weight. — The sjuMilic gravity of a gas or vaj)or is the weigh' 
of any volume of tliat gas or vapor as compared with the weigh 
of the Paiiu; vol nine of liydmgen gas under like conditions of tcto 
perature and pressure ; we use the term vapor density to d< 
note the same iilea, and, less eommonly, the term unit-volnJ^ 
vT-eight. The same numlHjr expn^sses both the vapor density a^ 
the atomic wei«i:lit in the case of those elements mentioned on p. S 
whose molecules contain each two atoms. Of course, this coin* 
dence is something that is established by experimental observation 
it does not follow from, but actusjlly is a ])ait of the basis of, o 
theor}' as to the constitution of the molecules in question. In tl 
case of the elements whose molecules contain four atoms each, tl 
vapor density will be twice the atomic weight, and in the case of tl 
elements whose molecules contain one atom each, the vapor densi 
will be one-half the atomic weight. 

It is not necessary to suppose that the same elementary substan 
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. alwiySyand under all conditinn:*, cnntaiufi tht* kiiii«* iiii;i;1m i <•{ iiturni 
f in the molecule. In the liivt ]i1a(e il is unlv wlun tin- • l>;i • ni.ny 
nbstances are ga$tenn$i that wi* liavi\ at int-HMii. iiiimh- !«•!- .u. ..:i^' 
IS to the constitutimi of their* niolcc-u Irs. Thf iiinln-nli- nt ^til|<.. .1 111 
the gaseons stite contains two atoms liut in tln' >oIi>l ^tatl■ 1: iu.\\ 
contain more than two. In fact, the ]»h('nunii na nt' alloi >'•]•! ■:: an- 
kst explained by supposing either that the vaiiuii** niiHliti ::i'i:-i 
iuive a different number of atonis in thit niolcculi*, nr ih.it t}i< p- is 
nme difference iu the arrangement of thu>e atoms. In the i-i-i- uf 
wme there is good rcaiK)n to 8upi>o.se tliat tlic niolfiulf iniiiaiiH 
8 atoms, while the molecule of oxygen contains only '2^ as alria<ly 
ibted on page 70. 

519. Electrical Relations of the Atoms.— [To a<«-niiipany i< 1 •> 
^7.] Speaking somewhat loostdy, all the eknicnts \\\\\A\ in tlii^^ li-t 
jaecede ^02^7 ore n^;ative, while goM and the ilciru-nt< wlii< Ii t'ullnw 
it are positive. We have been in the haliit of sp'rakinu' <'f tin* nr^^a- 
tire elements collectively as the non-nietallir elL>nH.'nts. Tin- ^lnl^( 
negative and positive are, on some airounts, to Ik* ]in Ii'IitI. al- 
though themselves n9t perfectly exact in thrir si^nHi«atiiiM. TIk- 
«une element in different compoiindH will often ]»lay a vtiy "lil- 
fercnt part. Thus the element zinc, which we an- now >tn.lyin.ix, 
*ct8 in its compoonds ordinarily as a ]»ositive t'li-nn-nt ; lis jiy- 
dtate (ZnH^Oj) is a base, its oxide (ZnO) is a liasie anhytlriih^ 
*Dd the element when in combination is nsimllv coinliined \\\\\\ 
negative elements or radicals, as, for exanij»le, in ZuClv, ZnSO;, 
. *tc Occasionally, however, zinc plays the ]»art of a negative «lc- 
°*nt, as, for instance, in potassiuni zineate (Kxp. iiOii). In tins 
'^pound the zinc plays the same part that sulphur does in the 
''Jphatea, nitrogen in the nitr.itos, etc. Corresponding to ]M)tas- 
MUm zineate (KaOiZn), we shonld have zineie aeid (H.OwZn) and 
*incic anhydride (ZnO). In fact, the hydrate of zinc diM's dia- 
*^ve, either in acids (acting, thei-efore, as a base) or in alkalies 
(acting as an acid). Many of the. elements whi(;h we g('nerally 
"^i^jnate as iwaitive or metallic*, art in a similar manner; this 
^^erence of action is often accompanied by difference in g^dui- 
^^'(denee. Thus in the case of chromium, we have two very dis- 
^^ct classes of compounds ; Ist, the sails of ehnmiium, in whi<?h 
*6 recognize the double atom of chromium, Or?, acting «v* a hex- 
^"Blent positive radical ; 2d, the chromates of various elements in 
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which the single atom of chromiam, Cr, is hezivalent and n^ 
ative. Corresponding to the former of these two classes we have 
the basic oxide, CrtOii and the basic hydrate, CrsH«Os ; corres- 
ponding to the tecond class we haTe the add anhydride CrOs and 
the add HsCr04. 



i 
i 
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. ATCNimpBUTS OF IBS TTJMllP'i. % 

An B^habetical list of the aixtj-four recognized elements, 
"with their symbols and atomic weights, is here given for vkav 
venience of reference. The names of the rarer elements wl.icii 
are at present of little importance are printed in italics : — 



AhiTniniiTn, . 


2-1/. Al 


. 27.4 


Mercury, 


. : . Hg 


. 2i^) 


Antimony, . 


. Sb 


. 120 


Molybdenum, 


. Mo . 


1H$ 


Arsenic, /^ . 


.^- . As 


. 75 


Nickel, 


. Ni 


. 58.8 


Bariimi, ^ 
■ Bismuth, -j 


. Ba 


. 137 


Nitrogen, 


. N 


14 


r 5- . Bi 


. 210 


Os'tHium, 


. Os 


. 190 


BoTon, J 


. B 


. 11 


Oxygen, ^ 


. O 


. 16 


Bromine, /. 


. Br 


. 80 


Palladium, 


. Pd 


. 1(M;.5 


Cadmium, % 


i . Cd 


. 112 


Phosi)horus, 


. P 


. 31 


Omwrn^ 


. Cs 


. 133 


Pk^iniim, 
Potns^unif . 


. Pt 


197.4 


Calcium, 


. Ca 


. 40 


. K 


39.1 


Carbon, 


.^ . Ce 


. 12 


Rhodium, 


. Rh 


. 104 


Oerinm, 


. 92 


Rubidium, . 


. Rb 


. 85.7 


Chlorine, 


. CI 


. 35.5 


Ruthm^p,, 


. Ru . 


. 104 


▼Chromium, 


. ^rJ 


^^2.5 


Seladum, 

sinl^, ^ 

Silver, . 


. So 


. 79.5 


- Cobalt,. 


'Mi 


PC58.8 


JV . 81 


. 28 


f^olwMumt ' 


. '?^b 


.^4 


' . Ag 


. 108 


Copper, 


. Cu 


. 63.4 


Sodium, 


. Na 


. 23 


^dymivm, . 


. D 


. 95 


Strontium, \ 


. Sr 


87.5 


^^uriL 


. E 


. 112.6 


Sulphur, r . 


. . S . 


32 


''uorine, 


. P 


. 19 


Tantalum, , 


. Ta . 


. 182 


^^ttcinwm, . 


. <»! 


. 14 


Tdbirium, 


. To 


. 128 


Gold, . , 


An 


.196 


Thallium, 


. Tl 


. 204 


Hydrogen, . 


H 


. 1 


Tlwrium, 


. Th , 


231.4 


^'^km, 


. In 


. 113.4 


Tin, 


. Sn 


. 118 


hotline, 


. I 


. 127 


Titanium, 


. Ti 


. 50 


iridium, 


. It 


. 198 


Tungsten, 


. w 


. 184 


K . 


. Pe 


. 56 


Uranium, 


. Vr , 


. 120 


^nihanum. 


. La 


. 93 


Vanadium, 


. V 


. 51.3 


Lead, . . 


. Pb 


. 207 


Yttrium, 


. Yt . 


. 61.6 


^'Atim, 


. Li 


. 7 


Zinc, 


/ . Zii 


. 65 


Magnesium, 


. Mg 


. 24 


Zircmiwm, , 


. Zr 


89.6 


Manganese, . 


. Mn 


. 66 


GaUium, 


. Ga 


9 

• 
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CLASSIFICATION OF THE BLEUBNTS. 



In the foll^Kug list the more important of the elements 
are arranged in the gronpe in which thy have been studied 
in the preceding jmges. Without acc|Dting any one infallible 
criterion &f cliAiBification, or insistin^^pon any system^ic ar- 
rangement of the elements in groups with that strenuousness 
which is a[)t to make classification rather a hindrance than a 
help, the student may provisionally use this subdivision of the 
elements into groups, as a help in remembering facts, as a 



eral laws, and as 


a suggestive 


compend of his whole chemical 


knowledge : — 










Fluorine, . 


. 19 


Calcium, . 




. 40 


Chlorine, . 


. 35.5 


Strontium, . 




. 87.5 


Bromine, . 


. 80 


Barium, 




. 137 


Iodine, 


. 127 


Lead, 




. 207 


Oxygen, . 


. -16 
f 32 


Magnesium, 




. 24 


Sulphur, . 


Zinc, . 




. 65 


Selenium^ . 


. 79.5 


Cadmium, . 


- ^ 


. 112 


Tellurium, . 


. ^ 128 










Glucinum, . 




. 14 ^ 


Nitrogen, . 


• -^^ 


Alul||||^m, 




. 27.4 


Phosphorus, 


.* 31 


Chromium, 




. 52.5 


Arsenic, 


. 75 


Manganese, 




. 55 


Anliniony, . 


. 120 


Iron, . 




. 56 


Bismuth, . 


. 210 


Cobalt, 
Nickel, 




. 58.8 
. 58.8 


Carbon, 


. 12 


Uranium, . 




. .120 


Boron, 


. 11 








Silicon, 


. 28 


Copper, 
Mercury, . 




. 63.4 
. 200 


Hydrogen, . 


. 1 








Lithium, 


. 7 


Tin, . 




. 118 


Sodium, 4 


. 23 








Potassium, . 


. 39.1 


Gold, . 




. 196 


Silver, 


. 108 


Platinum, . 




. 197.4 
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CHEMICAL MANIPULATION. 

1. Olaas-ttibing. — Two qualities of glass-tubing are used in chem- 
ical experiments, — that which softens readily in the flame of a gan- or 
spirit-lamp, and that which fuses with extreme difliculty in the flame 
of the blast-lamp. These two qualities are distinguished by the 
terms mft and hard glass. Soft glass may be used for all ])ur|)oses, 
except the intense heating, or ignition, of dry substances. Fig. I 
represents the most convenient sizes of glass-tubing, both hard and 
soft, and shows also the proper thickness of the glass walls for each 
size. 

Fig. I. 




2. Cutting and Cracking Glass. — Glass-tubing and glass-rod 
must generally be cut to the length requiretl for any particular ap- 
paratus. A sharp triangular file is used for this purpose. The stick 
of tubing, or rod, to be cut is laid upon a table, and a deep scratch is 
made with the file at the place where the fracture is to be made. The 
stick is then gra^[>ed with the two hands, one on each side of the 
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iimrk, while the thum1>8 are brought together just at the scratch. By 
pushing' with the thumbs and pulling in the opposite direction with 
the fin^^'iTs, the stick is broken squarely at the scratch, just as a stiek 
of C4in<l y or a «lry twij^ may be broken. The sharp edges of the fracture 
should invariably be made smooth, either with a wet file, orby softenr 
ing the end of the tube or rod in the lamp. (See Appendix, § 3.) 
TuIh'h or r«Kls of sizes 4 tt) 8 inclusive may readily be cut in thismau- 
ner ; the larger sizes are divided with more difficulty, and it is oftea 
neiiwsary to make the file-mark both long and deep. An even frac- 
ture is not always to be obtained with large tubes. The lower ends 
of glass funnels, and those ends of gas delivery-tubes which enter the 
bottle or fiask in which the gas 18 generated, should be filed off, or 
Fw. II. ground off on a grindstone, obliquely (Fig. II), to 

facilitate the dropping of liquids from such extremi- 
ties. 

In onler to cut glass plates, the glazier's diamond 
must be resorted to. For cutting exceedingly thin 
glass tubes and other glass ware, like flasks, retorts 
and bottles, still other means are resorted to, based upon the sudden 
and unequal application of heat. The process divides itself into 
two parts, tlii; producinf]^ of a crack in the required place, and the 
sul)so(iueiit f^uidinj^ of this crack in the desired direction. To pro- 
duce a crack, a scratch must be made with the file, and to this scratch 
a pointed bit of red-hot charcoal, or the jet of flame produced by 
the mouth blowpii)e, or a very fine gjus-flame, or a red-hot glass-rod 
may be aj^plied. If the heat does not produce a crack, a wet stick or 
file may be touched u]>on the hot spot. Upon any part of a glass sur- 
face except the edge, it is not possible to control perfectly the- direc- 
tion and extent of this first crack ; at an edge a small crack may be 
started with tolerable certainty by carrying the file-mark entirely over 
the edge. To guide the crack thus started, a pointed bit of charcoal 
or slow-match may be used. The hot point must be kept on the glass 
i'rom 1 c. m. to 0.5 c. m. in advance of the point of the crack. The 
crack will follow the hot point, and may therefore be earned in any 
desired direction. By turning and blo\\nng upon the coal or slow- 
match, the point may be kept sufficiently hot. Whenever the place 
of experiment is supplied with common illuminating gas, a very small 
jet of burning gas may be advantageously substituted for the hot coal 
or slow match. To obtain such a sharp jet, a piece of hard glass 
tube. No. 6, 10 c. m. long, and drawn to a very fine point (see Ap- 
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pendix, § 3), should be placed in the cucmtchotK* tiilN> wliiih ni-ilinaiily 
deiivera the gas tu the gas-Limp, uim I the {^ih hIkhiIiI )»e lightcHl at tlit; 
fine extieniity. The burning jet shuuld huvi'. a thu: iNiint, ami slionl,! 
not exceed 1.5 c. m. in length. By u jmlicious um* of thi'sc sinnilc 
tools, broken tubes, beakers, llasks, retoits and Inittles ni.iy often In* 
made to yield very useful articles of apimratus. No jsharp «»«|j:t.s 
should be allowed to remain u^wn ghiss apiuiiiitus. Th«* ilural»ilitv 
of the apparatus itself, and of tlie corks and ciumtrhonr Ht.i|i|iiis iwA 
tubing used with it, will be much greaU«r, if all sharp tnl^a-s are iv- 
moved with the file, or, still Initter, roundwi in the lamp. 

3. Bending and Closing OlaM-tubes. — Tnl>iii;r of si/cs :> 
to 8 inclusive can genemlly be workwl in (he foninum ;,ms- or spirit- 
lamp ; for lai>5'er tubes the l>kst-hunp is necessjiry (see Ap|K-n«lix, 
56). Glass tubing must not be intnKlucecl suddenly '\\\U^ the hottest 
part of the flame, lest it crack. Neither should a hot tube he taken 
from the flame and laid at once upon a cold surface. ( Jnulual heatinj^' 
and gradual cooling are alike necessary, and ai-e the nioiv essential 
the thicker the glass ; very thin glass will sometimes l>ear the most 
sudden changes of temperature, but thick glass an<l «,dass of uneven 
thickness absolutely require slow he^iting and annealing. When the 
end of a tube is to be heated, as in rounding sharp edges, nioiv cai*e is 
required in consequence of the great facility with which cracks start 
at an edge. A tube should, theivfore, always be brought first into the 
current of hot air beyond the actual flame of the gas- or spirit-lam]>, 
and there thoroughly warmed, before it is introduced into the flame 
itself. If a blast-lamp is employed, the tube may be warmed in the 
smoky flame, before the blast is tumed on, and may subsequently l>e 
annealetl in the same manner ; the deposited soot will be burnt ofl" in 
the first instance, and in the la«!t, may be wiped ofl' when the tube is 
cold. In heating a tube, whether for l)ending, drawing or closing, 
the tube nmst be ctmstxintly tumed Ix^tween the fingei-s, and also 
moved a little to the right and left, in order that it nniy be uniformly 
heated all around, and that the temperature of the neighboring parts 
may be duly raised. If a tube, or rod, is to be heated at any pait but 
an end, it should be held between the thumb and first two fingei-s of 
each hand in such a manner that the hands shall be below the tube, or 
rod, with the palms upward, while the lamp-flame is between the 
hands. When the end of a tube, or rod, is to be heated it is best to 
b^n by warming the tube, or rod, about 2 c. m. from the end, and 
from thence to proceed slowly to the end. 
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The best glaaB will not be blackened or discolored during beatmg. 
Tlie blackening occurs in glass which, like ordinary flint glass, contains 
lead (riilicutv). (jhuw containing much lead ia not well adapted for 
chemical uses. The blackening may sometimes be removed by put- 
ting the glass in the upper or outer part of the flame, where tbe 
reducing gases are consumed, and the air has the best access to the 
glass. The blackening may be altogether avoided by always keeping 
the glass in the oxidiuug part of the flame. 

Glass begins to soften and bend below a visible red heat The con- 
dition of the glass is judged of as much by the fingers as the eye ; the 
hands feel the yielding of the glass, either to bending, pushing or 
pulling, lietter tlian the eye can see the change of color or form. It 
may l>e lient as scnm as it yields in the hands, but can be drawn oat 
only when much hotter than this. Glass-tubing, however, should not 
be lient at too low a temperature ; the curves made at too low a beat 
are apt to be flattened, of unec|ual thickness on the convex and con- 
cave sides, and brittle. 

In bending tubing to make gas delivery-tubes and the like, attention 
should Ije jmid to the following })oints : 1st, the glass should be equally 
hot on all sides ; 2d, it should not l)e twisted, pulled out or pushed 
toj^etlitT during tlie heating ; 3d, the l)ore of the tube at the bend 
should Ixj kept round, and not alteretl in size ; 4th, if two or more 
IkjucIs Ihj made in the siinie piece of tubing (Fig. Ill, a), they shoiUd 
all Ixi in the same plane, so that the finished tube will lie flat upon 
the level table. 

When a tube or rod is to be bent or drawn close to its extremity, a 
temi)orary handle may be attached to it by softening the end of the 
tulxi, or rod, and i)ressing against the soft glass a fragment of ghi8S 
tulxi, which will adhere strongly to the softened end. The handle 
may subsequently be removeil by a slight blow, or by the aid of a file. 
If a ctjnsiderable bend is to be made, so that the angle between the 
anns will be very small or nothing, as in a siphon, for example, the 
curvature can not be well produced at one place in the tube,but should 
Fio. m. be made by heating, progressively, several cen- 

^- -^ timetres of the tube, and bending continuous- 



a^ 



11^ 



ly from one end of the heated portion to the 
other (Fig. Ill, h). Small and thick tube ma) 
be bent more shaq)ly than large or thin tube 
In order to draw a glass tube down to a finer bore, it is simplj 
necessary to thoroughly soften on all sides one or two centimetres 



\ 



APPENDIX. y 

length of the tube,, and then, taking the glans from the flame, to 
[ pall the parts asunder by a cautious movement of the ImiuU. The 
krger the heated portion of. glass, the h»iiger will Ik* the tiiln* 
thuB formed. Its length and fineness also increase with the r»]ii<lity 
(^ motion of the hands. If it is desirable that the finer tuln; 
should have thicker walls in proportion to its 1>ore than the origi- 
nal tube, it is only necessary to keep the heate<l ]K)rtion Hoft for two 
or three minutes before drawing out the tube, jiressing the ])art.4 
dightly together the while. By this process the glaws will Ixi thick- 
ened at the hot ring. 

To obtain a tube closed at one end, it is best to take a piece of 
tabing, open at both ends, and long enough to make two closed tiiln's. 
In the middle of the tube a ring of glass, as narrow as possible, must Ihi 
made thoroughly soft. The hands are then se])amtetl a little, to caiisi* 
a contraction in diameter at the hot and soft part. The point of the 
flame most now be directed, not upon the narrowest part of the tuln?, 
hat upon what is to be the bottom of the closed tube. This point 
is indicated by the line a in Fig. IV. By Fio. iv. 

withdrawing the right hand, the narrow part 
of the tube is attenuated, and finally melted 
off, leaving both halves of the original tube 
closed at one end, but not of the same form ; 3 ^^^ ^ 

the right-hand half is drawn out into a long 

point, the other is more roundly closed. It is not possible to close 
handsomely the two pieces at once. The tulje is seldom perfectly 
finished by the operation ; a superfluous knob of glass generally 
lemains upon the end. If small, it may be got rid of by heating tlie 
vhole end of the tube, and blowing moderately with the mouth into 
the open end. The knob being hotter, and therefore softer than any 
other part, yields to the pressure from within, spreads out and disap- 
pears. If the knob is large, it may be drawn off by sticking to it a 
^gment of tube, and then softening the glass above the junction. 
The same process may be applied to the too pointed end of the right- 
hand half of the original tube, or to any misshapen result of an unsuc- 
cessful attempt to close a tube, or to any bit of tube which is too short 
to make two closed tubes. When the closed end of a tube is too thin, 
it may be strengthened by keeping the whole end at a red heat for two 
)r three minutes, turning the tube constantly between the fingers. It 
nay be said in general of all the preceding operations before the 
amp, that success depends on keeping the tvhe to he heated in constant 

25* 




vi APPMSDIX, 

nttation, in oitler to secure a uniform temperature on all sides of the 
tube. 

4. Blowing Bulbs and Piercing Holes in Tubing.— If the 
bull) (IcsiriMl IK lar^c in pn^iMirtiun to the size of the tube on which 
it is to W niade, the walls of the tulie must be thickened by rotation 
in the flame of the Bunsen burner, or of the blast-lamp, before the 
bulb can be blown. If the bulb is to be blown in the middle of a 
jtiix'e of tubing, this thickening is effected by gently pressing the 
iiidri of the tube together while the glass is red-hot in the plaee 
where the bulb is to !« ; if the bulb is to be placed at the end of a 
tul)e, this entl is first chnteil, an<l then suitably thickened by keeping 
the dosed end of the tul)e in the flame, and turning it continually, 
until enough has been accumulated at the end. The glass is then 
suddenly withdmwn from the flame, and the thickened portion ex- 
{Minded while hot by steadily blowing, or rather pressing, air into the 
tube with the mouth ; the tube must be constantly turned on its aids, 
not only while in the flame, but also while the bulb is being blown. 
If too stnmg or too sudden a pressure be exejted with the mouth, the 
bulb will be extremely thin and quite useless. By watching the ex- 
j)anding glass, the proper moment for arresting the pressure may 
usually be dcteniiiiUMl. If the bulb obtained be not large enough, it 
may be* reheated and enhu-gtitl by blowing into it again, provided that 
a suliicient thickness of glass remain. 

It is sonietimes neiessiirv to make a hole in tie side of a tube or 
other thin j^dass a])})aratus. This may be done by directing a pointed 
flame from the l)last-laiui) uj)on the place where the hole is to be, until 
a small spot is re<l-hot, and then blowing forcibly into one end of the 
tube while the other end is closed by the finger ; at the hot spot the 
glass is blown out into a thin bubble, which bursts, or may be easily 
broken off, leaving an aperture in the side of the tube. 

Fig. V. It is hoped that these lew directions will enable the 

attentive student to perform, sufficiently well, all the 
manipulations with glass tubes which ordinary chemical 
ex]>erinients rerpiire. Much pmctice will alone give a 
perfc^et mastery of the details of glass-blowing. 

5. Lamps. — The ccminion glass spirit-lamp will be 
understood without description from the figure (Fig- 
V). This lamp does not give heat enough for most 
ignitions ; for such purposes a lamp with circular wick, of some one 
of the numerous forms sold under \.\ie \va\\\^ ol ^^\ii^\i&'% Aji^and 
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Spirit-Lamp (Fig. VI), is necemary. These argnnd lumpx are 
moanted on a lamp-stand provided with three brans rings, 
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kt the fittings of these lamps 
are all made slender, in order 
not to carry off too much 
heat When it is necessary to 
heat heavy vessels, other sup- 
ports must be used. 

Whenever gas can be ob- 
tained, gas-lamps are greatly 
to be preferred to the best 
Bpirit-lamps. For all ordinary 
experiments, except those for 
which ignition-tubes must be 
prepared, or in which con- 
riderable lengths of tubing 
niust be heated, the gas-lamp 
known as Bunsen's burner will be sufficient. Fijjj. VII represents a 
cheap and excellent form of the Bunsen lamp. The single casting? of 
hrass o 6 comprises the tube h through which the gas enters, and the 
hlock a from which the gas escapes by Fm. vn. 

two or three fine vertical holes passing 
through the screw d, and issuing from 
the upper face of d, as shown at e, 
The length of the tube 6 is 4.5 c. m., 
^d its outside diameter varies from 
^•5 c. m. at the outer end to 1 c. m. at 
the junction ^vith the block a. The 
outside diameter of the block a is 
'•6 c m., and its outside height with- 
out the screws is 1.8 c. m. By the 
Crew c, the piece a 6 is attached to the iron foot g, which may be 6 c. ni. 
H diameter. By the screw d, the brass tube / is attached to the cast- 
3g a h. The diameter of the face «, and therefore the internal diameter 
f the tube/ should be 8 m. m. The length of the tube / is 9 c. m. 
"hrough the wall of this tube, four holes 5 m. m. in diameter are to 
e cut at such a height that the bottom of each hole will come 1 m. in. 
>ove the face e when the tube is screwed upon a h. These holes are 
' course opposite each other in pairs. The finished lamp is also 
\own in Fig, VIL To the tube b a (iaio\x\.c;Vio\XR. \.\3fe^ oC 5k ^i.^ 
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7 m. m. intenul diameter w atUcbed ; this flexiUe tabe shoi 
aboDt 1 m. long, and its other extremity should be connectv 
the ga«-co('k through the intBrvenlion of a short piece of bra 
pipe screwed into the cock. In caf«» where a very small Rame 
quim), ait, for instance, in evaporating small quantities of lii 
piece of wire gauie, somewhat larger than the opening of the 
should he laid across the top of the tube, and its projecting 
pressed down tightly ogsinst the sides of the tube before the 
lighted. In default of this precaution, the flame of & Bimsen t 
when small, and exposed to currents of air, is liable to pass do^ 
tutie and ignite the gas at d. 

A smaller and somewhat cheaper tamp, made on the same pri 
as the ordinaiy Bunsen burner, is represented in Fig. VIIL 
FN, TitL " tip " of the burner is cast of brass, ai 

conatractton will be evident from tt 
laiged section (6). The stand or foot 
le as shown in Fig. VII, excep 
the opening for the gas is larger. 
lamps are excellent where a small fli 
required, as it is almost impossible f 
gii3 to " liQi:li down " and ignite at the 
opening. Ti])s are also niade, as show 
tlie iipiM>r opening being closed, and the gas issuing from si 
ojieningK in tin- sides of tha tulre forma a " rose " ; this form of 1 
is of especial surviti' when evapomting ii solution in a porcelaii 
where it is desinible to heat the li(|uid eqnably. Either of tb 
desurilied may be screwed upon an ontinary gas-bumer in defa 
the stand or foot above represented. 

Fm. IX. -A- '""iP t" K'*'e a powerful flame 8 or 10 

long, Biiitaljlo for heating tub-is, niay be 
simply constructed by boring two holes, en 
the aide and issuing at the upper face, throi 
block of compact hard wood, 10 c m, by 6.5 
by 3.5 c. m., and fitting short piei^s of brasi 
ing into the holes ro formed. To the tubes i 
side are attached the caoutchouc tubes whic 
liver the gas, and from the tulies at the to 
gas j».«iie!> under s sheet-iron funnel closed at the top with wire-g 
Above thia gauze, the mixture of gas and air ia to be lighted. 
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hm ftmnd will be leadily nndeintood rmm Fig. IX, tn'l tlir f.>)] 

ii^ dineoedona ; length of the wire-guuK, 1(1 c m ; wiilthoflhi' ff 

Ecdl; widthftt a6, 9 c. m. ; bdjjbtof tlie lines h rroiii tlir l^i 

8J c m. ; whole height of the funnel, 21 & in. A |iiirllli<i:i ]i:ir: 

la at divides the fiuinel into two equal jiartn fmrii 

Ihs gauze to Ui« level of a 6. A long tlanie may uIho 

h prndaced with a Bunwtn burner, which may coii- 

Tenientljbe somewhkt lai^r than the one iliwril>e(l ' 

on (he preceding page, and which is pmvideil willi 

capper or bnus attachment as represented in Ki^. 

X ThiH attachment alips over the top of the tii1>e, 

/{■ee Fig. VII) ; the flauie is of the eame chanu:ti:r 

la that onlinaiily prodnced, but of a different itha])c. 

Two of these lampe aide bj tide will heat a nuRicii^nt 

ki^ofglaaaor iron tube for ali onlinaiy expvri- 
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6. Blaat-lsmps and Blovrers. - 
doang large glass tube*, a blast- , 
Imp is necessary. The best form is 
^ Bold ander the name of Buneen's 
Cu Blowpipe. Its construction and 
Uk method nf using it may be learned 
fnm Fig. XI ; a fr is the pipe through 
vliicli the gaa entern, c is the tube 
^ (he blast of air ; the relation iif 
tW air-tube to the external gas-tulie 
nshown aid; there is an outer slid- 
iq} tube by which the form und 
Tolume of the flame caa be n^- 



If gaa is not to be had, a Inmp 
Wning oil or naphtha must be vi 
plojed. Fig, XII represents a glass-blower's lamp made of I 
niitable for burning oil. A large wick 
it etwential, whether oil or naphtha be ^- ""■ 

the combustible. 

For every blast-lamp a blowinj;- 
machine of some sort is necessary. 
To supply a constant blast it is essen- 
tial that the bellows be i. 




coitrtroctioD called doable. Fig. XIII i^traMOto « veiy good ta 
tl blowpipe-tnbl«, made hj J. H. Call, North BiUerisa, Mom., « 




costing hIkiiiI thirty ilollarn. The bellown are miule of seamless nil 
her cilalh ; thi; table is 0.8 ntetre higli, from which the other dimef 
siuns may be infemsl. A simpler fnrm of bellows, and ODe whic 



can Ir! iiiaile by niiy carpenter or rnl)l net-maker, is represented i 
perspective and in section on Fig. XIV. The ''i<le9 of the bellmi 
and of the reservoir are made of stnnt leather. The arrangement o 
valves will lie evident from the fif^ire ; n oointant pressure is mail 
tiiiued on the reservoir by means of a spiral spring, and the air 
debvered through the tube (. The rod whieh is represented in tl 
figure serves simply as a guide. Tlie entire length from a to 6 may 1 
(1.6 metre. 

7. Blowpipes.— The month- blowpipe in ita aimplest form is 
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lent neftr one axtremitv at a rif^t Anf,'1e. Viji. XV, n, tvprr* 
i common fonn (rf bli>w]ii))e ui*<l hy jt-wllfrn. Thi- li1>iH-]ii[i«> 
iclerfol more convenient Uy the aililitinn '>r u ni«iitli-[>iii'i- :iiiil 
inil>er near the ri-,'lit lai^le fur the rim- rio. xv. 

ution of iiiiiUture. Fig. XV, b stiil e, 
e»ent different funns of bUiwpipe ihiiR fur- 
led. The cheapest anil best funii nf mouth 
itrpipe for chuniical puqiuiies if n Iiilie of 
i-pbte, about 18 c. m. long, S c. nL bnuul at 
ncend, and tapering to 0.7 c id. at the other 
.fig. XV, 6) ; the liroail euil in cliiswl, and 
KTvei to retain the niDifture ; ft little above 
iHa closed end a Bmall cylindrical tulM of 
trass about S c. ni. long ix soldered in at right 
■iiglea ; this brasa tube id slightly ci»iicid ut the end, and <'iirrir>4 'a, 
ffiuU nozzle or tip, which lusj be niudu either of bmsx or iilatitiiiiii. 
^tipahould be drilled out of a solid piece of iiirtal, iiud xlxiuld 
Kt be fastened upon the brass tulie with u screw. A truuiiiet-Hluijii^l 
I Xioiith-piece of liom or boxwood hs a convenient, thmigh by no iiii-iui'i 
I »ential, addition to this blowpipe. For conveuieno! in ('leaiiiiij^ and 
' fwiing, blow[)ipes are often. made in several i)iece!i, as i* the one 
"Tresented in Fig. XV, (. 
' The blowpipe may be used with a candin, with ({as or with any 
"*Iid-lMnp proper for burning oil, petrtdeuin tir any of the sii-callud 
~'*nmg fiuidt, provided that the form of the lamp below tlio wick- 
^oMer ig guch as to penuit the close approach of tlie ()bji'('t to be 
"^sted to tie side of the wick. When a la:iip is nnod, a wick almnt 
~S c. m. long and 0.5 c m. broad is more cnnvi'tiient than n munil or 
**«wrow wick. The wick-holder should Iw filed off on iU longer 
^intension a little obliquely, and the wick cut pomllel to the holder, 
**1 order that tho blowpipe florae may lie directed downwards when 
**-«eMni7 (Figs. 47, 48, page 130). A gas flntne snitable for the blovr- 
t^ipe is readily obtained hy slipping a narrow brass tube (i), open at 
'mth ends, into the tube / of DuiiMen's burner. (See Fig. VII.) 
Tliis blowi>ipe-tiibe must be long enough to close the air apertures in 
the tube/, and should be piiicheil tog<'ther and filed off obliquely on 
lop ; it may usually he obtained with the burner from dealers in 
chemical ware. 

8. Caontohono. — Vulcanized caoutchouc is a most useful sub- 
ftanee in the laboratory, on account of its elasticity, and because i 
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Ti^iMA fui well mn^t of tlic roirrijtivc flub^tances with which the chemist 
(Ii'iiIh. It is usimI ill tuiiiii;; i)f various diaiiK'tere coxu^Miroble ^iththe 
i*iM'> ol*;:]iis<« tiitiiii^, ami in f«to])]K'rv« of variouH vizes to replace cork& 
('aoiitcliMiic tuiiiii^' may Ijc u:«u(l to conduct all guses and li(|uid8 which 
dii not niiTiMli.' its sulistancu, provided that the pressure und6r which 
thu ^Ms or liquid tlow8 Ijc not greater, ur their tenijierature highet^ 
than the trxtuii' of the tubing can eudure. The flexibility of the 
tiibiii;^' is a vi'iy obvious adviuitiige in a great variety of coses. Short 
]iii'L-(.'s of hUt-h tubing, a few centimetres in length, are much usedf 
under the name of connectors, to make flexible joints in apparatus, of 
wliii:li gla^s tubing forms jiart ; flexible joints add greatly to the dun- 
bility tif HUili apparatus, because long glass tubes l)ent at several 
an;^K's and i-onnccted with heavy objects, like globes, bottles or flasb 
full of Ii«iiiid, a]-<: almost certain to break even with the most careful 
u-^a;,'!* ; g.is-« lei i very tubes, and all consiilerable lengths of glass tubing, 
should invariably lie divided at one or more places, and the pieces 
jiiimnl again with caoutchouc connectors. The ends of glass tubing 
to be thus connected (should be st^uarely cut, and then rounded in the 
lani]s in onh-r that no shar]) edges may cut the caoutchouc ; the in- 
tmial diani(;t<.'r of the caoutcliouc tuljc nmst be a little smaller than 
the cxt^'rn.il <lianu'tcrof the ghiss tul)es ; the slipping on of the con- 
lUMtDT- is faiilitMtt'il by wetting the gbiss. 

Canntchoiu' st«»]i]»eis of go(Ml (jualitv are much more durable than 
mrks, an»l are in ev«Tv respect to be preferred. The German stop- 
]»crs are of excellent shaju*, and (piality ; the American, being chiefly 
int(jn(lc(l for wine-bottlcs, are a])t to Ihj too conical. Caoutchouc 
st()]»]>ei's can be Ijore*], like corks (see the next section), by means of 
suitabh^ cutters, and glass tulu'scan be fitted into the holes thus made 
with a ti;,'htness unattjnnal)le with corks. German stoppers may he 
lM)u«:ht already ]>roviih'(l with one, two and three holes. It is not 
well to lay in a large stock of caoutchouc stoppers, for, though they 
last a long time when in constant use, they not infre(j[uently deten- 
orate when kc]>t in store, becoming hanl and somewhat brittle willi 
ago. 

9. Corks. — It is often very difficult to obtain sound, elastic corb 
of fine grain Jind of size suitable for large flasks and wide-mouthed 
bottles. On this account, bottles with mouths not too large to he 
closed with a cork cut across the grain should be chosen for chemical 
uses, in preference to bottles which recjuire large corks or bungs cut 
with the grain, and therefore olfering continuous channels for the 
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>f gaaea, or even Uqnidi. Tba kinda told aa chniDpagne 
I as aadn corlu for phials are suitable for cheniical use. Tba 
i generatlj need to be softened before using ; this softening 
ffected bj rolling the cork nnder a board upon the tahle, or 
3 foot ttpoB the clean floor, or bjr gentlj stiueeiing it on all 
b the well-known tool expressly adapted for this purpose, and 
died a eoik-sqneezer. Steaming also softens the hardest 

most often be cnt with cleanness and precision ; a nharp, thin 
th as shoemakers use, is deaitable for this purpose. When a 
been pared down to reduce its diameler, a flat file ma; be 
I in floishing ; the file must be fine enough to leave a smooth 
ipon the cork ; in filing a cork, a cylindrical, not a conical 
lid be aimed aL 

ing holes through corks to receive glass tubes, a hollow 
of sheet brass sharpened at one end is a very convenient 
'ig. XVI. represents a set of such lis. XVt. 

nders of gradoated sizes, slipping one ^ 
e other into a veiy compact form ; a 
i, of the same length as the cylinders, 
lies the set, and serves a double pur- 
'Sssed transversely through two holes 
p which t«miinate9 each cylinder^ it 
hand a better grasp of the tool while 
ig the cork ; and when the hole is 
: wire thrust through an opening in the 
t cap expels the little cylinder of cork, 
e would remain in the cutting cylinder 
That cutter whose diameter is next 
it of the glass tube to be inserted in 
is always to be selected, and if the hole it makes is too smaU, 
lie must be used to enlatge the aperture. 
' which have been dulled by use may be sharpened by filing 
ig down their outer bevelled edges, and then paring off with 
)enknife any protuberance or roughness which may remain 
inside of the edge. 

: which presents sharp or rongh edges at the mouth can 
i tightly corked, for the cork cannot be introduced into the 
bout being cut or roughened \ such sharp edges must be 
n the lamp. In thrusting glass tnbes through bored corks, 
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the following directionB are to be observed : (1.) The end ol the tabe 
must not present a sharp edge capable of cutting the cork. (2.) The 
tube should be f^rasped very close to the cork, in order to escape 
cutting the hand which holds the cork, should the tube break ; l^ 
o1iM*r\'ing this precaution the chief cause of breakage, viz., irregular 
lateral pressure, will be at the same time avoided. (3.) A fium^ 
tulie muAt never be held by the funnel in driving it through a cork, 
nor a K'Ut tube grasped at the bend, unless the bend comes immedi- 
ately above the cork. (4.) If the tube goes very haid through the 
cork, the application of a little soap and water will facilitate its pas- 
sage, but if soap is used the tube can seldom be withdrawn from the 
a>rk after the latter has become dry. (<5.) The tube must not be 
pushed straight into the cork, but screwed in, as it were, with a slow 
rotary as well as onwanl motion. Joints made with corks shonld 
always lie tested before the apparatus is used by blowing into the 
apparatus and at the same time stopping up all legitimate outlets. 
Any leakage is revealed by the disappearance of the pressure created. 
Xp the same end, air may be sucked out of an apparatus and its tight- 
ness proved by the permanence of the partial vacuum. To attempt 
to use a leaky cork ia generally to waste time and labor and to insure 
tlio failure of the experiment. 

10. Iron-stand, Sand-bath and "Wire-gauze. — To support 
vessels over the g,is-4amp, an iron stand is used consisting of fl 
Fio. XVII. stout vertical rod fastened into a heavy, cast-iron foot 
and two or more iron rinjj:s of giWluated sizes secured 
to the vertical rod with binding screws ; all the ringj 
may be slipped olt* the rod, or any ring may be adjustec 
at any convenient elevation. As a general rule, it i* 
not best to apply the direct flame of the lamp to glas* 

• 

and porcelain vessels ; hence a piece of wire-gauze i^ 
stretched loosely over the largest ring, and bent dowti- 
wards a little for the reception of round-bottomea 
vessels ; on this gauze, flasks, retorts and porcelaii 
<lislies are usually supported. In a few cases, in whicl 
a very gradual and eqitable heat is required, the wire 
gauze is replaced by a small, shallow pan, beaten out of sheet-iron 
and filled wdth dry sand. This arrangement is called a sand-bath 
With the aid of annealed iron wire, the iron-stand may be mad 
available for supporting tubes over the lamp. Crucibles, or dishes 
too small for the smallest ring belonging to the stand, are coi 
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▼anenUy sapported on an equilateral triangle mwle of tlirec jiiwrn 

of soft iron wire twisted together at the apices ; tliiH triaii^'li* jm l:ii<l on 

one of the rings of the stand. An iron tripod — fw. xviii. 

that is, a stout ring supported on three legs — may 

often be used instead of the stand above (lescril)e<l, 

bat it is not so generally useful becaune of the 

difficulty of adjustii^ it at various heights ; with a 

BofSdency of wooden blocks wherewith to raise 

the lamp or the tripod as occasion may reciuir«», 

it may be made available 

IL Pneumatio Trongli — The pneumatic trough is a contri- 
wncc which enables us to collect and confine gases in suitable veswln, 
ttd to decant them from one vessel to another. Its efticiencv d(»i>eiuls 
on the pressure of the atmosphere, which as we know is cniMiblo of 
Wpporting a column of water 10.33 metres long or a column of mer- 
cwy 76 c m. long, provided that the liquid column l)e so arranged that 
the atmospheric pressure shall be fully felt upon the foot of the tolunin, 
hat not at all upon its head. If a tube, closed at one end and oix'n 
at the other, and of any length less than 10.33 ni., Ihj completely fille<l 
^th water, and then inverted so that its open end sliall dip bencdth 
8onie water held in a basin or saucer, the tube will remain full of 
^erwhen the thumb or cork, which closed the open end while the 
^version was effected, is withdrawn. What is tnie of a tulni is 
^oally tnie of a bell, or other vessel closed at one end, of any diame- 
ter or shape, provided its height be not greater than 10.33 m. ; and 
^ principle which applies to water is equally applicable to mercury, 
^cept that the height of the mercury column, which the average 
atmospheric pressure can hold up, is only 76 c. m., because mercury 
I* 13.596 times heavier than water. If a few bubbles of any gixs 
insoluble in water should be delivered beneath the open end of a 
tube thus standing full of water in apparent defiance of gravitation, 
the gas would rise to the top of the tube, by virtue of being lighter than 
the water, and the exact volume of water displaced by the gas, small 
or large, would drop into the basin or saucer, beneath. If the gas were 
thus delivered continuously beneath the tube or bell, we should finally 
get the tube full of gas, without admixture of air, and sealed at the 
bottom by the water in the basin or saucer. If mercury were the 
iquid, the operation would be precisely the same, except as regards 
he height of the tube. Even this difference of possible height is not 
Loticeable in practice, because bell-glasses and bottles more than 
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,^0 c. ra. high arc very seldom used with either liquid. On account of 
its coHtlinesA, mercury is rarely used, unless the gas to he collected, 
(ir experimented upon, he soluble in water. A trough for mercuiy u 
maile a^ small an pomible for the same reason. It is obvious that the 
object of a pneumatic trough may be accomplished under a great 
variety of furmfl. Any bucket, or tub, with a hanging shelf in it, may 
\n\ made to serve. It will be sufficient to describe two convenient 
f«>nnR of the apparatus. 
A cheap pneumatic trough is represented in Fig. XIX. It con- 
Fio. XIX. sists of two pieces, 1st, a stone-ware pan, 

about 3(> c. m. in diameter on the bot- 
tom, with sides sloping slightly outwards 
and rising to the height of about 10 c. m. ; 
2d, a deep flower-pot saucer about 15 c. m. 
in diameter, with one hole bored throogli 
the middle of the bottom, and a second 
arched hole nipped out of its rim ; this saucer is inverted in the 
pan. If this second piece be made expressly for this purpose, it 
should l)e made abo:it 5 c. m. high, and its interior should be rounded 
to the hole in the centre, while the outside is left flat, like the flowe^ 
jK>t Mucer. Two blocks of wood of equal thickness, loaded with lead, 
or two small l)locks of stone, may be used instead of the saucer ; the 
(leliverv-tiilKj rests Ixttween 'them, and the bottle or gas-cylinder is 
8iiI»jK)rte(l directly over the mouth of the delivery-tube. To use this 
apparatus, the pan is filled with water to a level about 2 c. m. above 
the top of the inverted saucer ; the bottle, cylinder or bell which is 
to receive the gas is completely filled with water from a pitcher or 
water-cock, then closed with the hand of the operator, or with a fla* 
piece of gUiss or wood, inverted into the pan, and placed on the 
saucer over the hole in its centre ; the end of the gas-delivery-tube is 
thrust through the side hole in the saucer, and the gas rising through 
the centre hole bubbles up into the bottle or cylinder placed to receive 
il. While one bottle is fillinj^ with gas, another is made ready to 
re[)lace it, and when the first is full, it is pushed off the centre hole 
of the saucer, and the second bottle is brought over the hole. A- 
bottle full of gas may Ix; removed from the trough by slipping beneath 
the mouth of the bottle a shallow plate or dish, and then lifting pla*^ 
and bottle out of the pan together in such a manner that water 
enough to seal the mouth of the bottle shall remain in the plate. The 
gas in OP*^ 1^***1 a may Ikj decanted upwards into another, by filling 
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i bottle with water, and then carefully inclining the bottle 
[ the gas 8o as to bring its mouth under the mouth of the 
ch is full of water, keeping the mouths of both bottles all 
beneath the surface of the water in the \mi. If the gas 

been collected is heavier than air, a bottle of it may be 
1 from the water-pan and got at for use, by simply slipping 
i of ^sm or wood beneath its mouth so as to close it rather 
d then standing the bottle, mouth upward, upon the table, 
er be then removed from the bottle, the gas will not flow 
h it will slowly diffuse into the air. As the water with which 

or cylinders are filled falls into the pan when displaced by 
>ssible thot the pan may become inconveniently full if many 
es are used ; this difficulty must be remedied by dipping 
of the pan, and so restoring the true level, 
onsiderable quantities of gas are frequently to be handled, 

vessels are therefore necessary, the apparatus shown in 
\ much more convenient Fio. xx. 

nail pan, which suffices 
imon experiments. The 
:hi3 larger pneumatic 
1 the mode of using it, 
ly be understood from 
; the depth and width 
L or well must be deter- 

the size of the bells 
iers which are to be 

and the length and breadth of the shallow part or shelf 
nber of bells or jars of gas which are likely to be in use at 
ime. The deep groove in the shelf permits a glass or 
J tube to pass without compression under a bell whose rim 
er the groove. Such a trough is best made of wood lined 
; zinc may be used for the lining where no acids are likely 
nt. It is very convenient to have it sunk in a table, and 
ly provided with a water-cock and drain-pipe. A chief 
lis instrument is that the glass vessels used can be filled 
r by sinking them in the well much more conveniently 
a pitcher or water-cock. 

natic trough for mercury may be made either of wood, iron 
For all common uses, it is very well cut out of a solid block 
; hard wood, which will not split. Small cylinders or beUs 
26* 
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only can be uoed, and the well of the trough should be scooped out 
but a little larger than the bell or cylinder selected, with its princi- 
pal dimension horizontal, and its Itottom curved to fit the cylindrical 
bell which is to be laid in it ; the shelf, too, should have but a small 
area, sutficient only for four or five bells of 3 or 4 c hl diameter. 

In using a pneumatic trough, of any construction or dimensiom^ 
the student should be on his guard against two difficulties of possible 
occurrence, — against the mucking hack of the liquid in the trough into 
the gus-generating apparatus, and against the leakage sometimes in- 
ducc<l by the pressure created by thrusting the gas-delivery-tube deep 
under water or mercurv. The first of these difficulties is the most 
serious. When the flow of gas from a heated flask or tube is suddenlj 
arrested, in consequence of some reduction of temperature, or from 
any other cause, it often happens that the volume of gas in the gen- 
erating a])iNiratus contracts, and the cold water or mercury from the 
trough rises in the delivery-tube to fill the void ; if the contraction is 
so c«)nsidorable as to suffer the cold liquid to penetrate into the hot 
flask or tulx^, an explosion almost inevitably ensues, which fractures 
the apparatus, if it does no worse damage In collecting over water 
a gas somewhat soluble in that liquid, this danger is especially immi- 
nent. The occurrence of such accidents may be effectually guarded 
against by paying attention to the following directions : (1.) When- 
ever it in propose<l to stop an evolution of gas which has been going 
on from a hot flask or tube, withdraw the delivery-tube from the 
water before extinguishing the lamp, and shake off from the bent end 
of the tnl>e the drops of water which are apt to adhere to it ; the lamp 
may then l)e safely put out, for air can enter the apparatus through 

• 

the open tube. (2.) When the flow of gas from a hot apparatus w 
observed to slacken, watch closely the escape of the gas from the 
delivery-tube, and as soon as any tendency to reflux of water is 
detected, lift the delivery-tube quickly out of the water, or, better, slip 
off the caoutchouc connector, which should always be found between 
the flask and the water-pan on every such piece of apparatus ; if" there 
])e no connector, the cork must be loosened in the neck of the flask. 
Air will thus be admitted to the hot flask or tube. 

These precautions api)ly more particularly to the cases where gas 
is evolved from dry materials, as in making oxygen or nitrous oxide ; 
when a lic^uid is contained in the generating flask, a safety-tube (see 
Fig. 20) is a sure protection against the danger of sucking back. 
The atmospheric pressure can force air into a flask, in which a partial 
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1 has been created, through the safety-tube, by lifting and di»- 
a column of the liquid whose height is the length of that 
of the safety-tube which dips beneath the liquid. Unless the 
n the flask be eztraonlinarily dense, the force required to do 
1 b3 very much less than that required to lift a column of water 
leight is determined by the elevation of the highest point of 
very-tube above the level of the water in the pan. 
I the gas coming from the generating flask has to force out 
p out of the delivery-tube a column of water measured from 
est point of the tube to the surface of the water in the pan, a 
! determined by the height of this column is established upon 
rior of the flask and upon every joint of the apparatus. Hence 
ratus will sometimes leak, and refuse to deliver gas at the de- 
int, when its delivery-tube is deeply immersed, while it does 
: if the tube merely dip beneath the surface of the water. With 
T the pressure of a few centimetres is very considerable, on 
of the high specific gravity 
luid, so that this difficulty is 
^ely to occur with this metal 
th water. Tight joints pre- 
j occurrence of this difficulty, 
al remedy is to dip the de- 
iibe as little as possible below 
ace of the fluid in the trough. 
las-holderB. — A small gas- 
very convenient for many 
made from a common glass 
a the following manner : A 
XI) is a bottle of 4 to 6 
ipacity ; through the cork in 
pass two glass tubes (No. 6), 
h one reaches the bottom of 
:le, while the other merely 
es the cork ; with the outer 
the first tube a caoutchouc 
is connected, w^ith the outer 
the second a common gas- 
The bottle being first completely filled with water, the ap- 
which generates, or contains the gas to be introduced into the 
8 connected with the tube canying the cock a; this cock is 
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open. As the gas presses in, the water mounts in the long tu 
flows out by the siphon e. In order to relieve the gas from th 
sure at the beginning, it is only necessary to suck a little at < 
tube e should of course be thrust into a sink or drain-pipe. 

To get gas out of the bottle, thus charged, the cock a is clos 
the flexible tube e is lifted up and connected, as shown in the 
with a bottle of water B placed on a shelf, or stand, somewhal 
the bottle A. When the cock b is opened, the gas in ^ is 
upon by the weight of the superincumbent column of water, ai 
therefore be made to issue at will frt>m the cock a. The high 
placed above A, the greater will be the force with which the ( 
issue If a moderate, or easUy regulated water>pies8ure is ai 
supplied by city water-works or a reservoir in the upper pari 
building, the bottle B is unnecessary, and the flexible tube e 
connected with such a water-supply, whenever gas is to be 
out of the gas-holder. A, 

When larger quantities of gas are to be stored for use, a i 

gas-holder, whose construction and 
tions are shown in Fig. XXII, is 
tageously employed. The open cis 
is supported over the vessel A on t' 
ums c, c, and two tubes a and 6 / c 
tubas, the first, a, reaches from the 
of B nearly to the bottom of A, wl 
63cond, 6, starts from the bottom of 
just enters the arched top of ^ ^ 
projecting into it ; (£ is a short, larg 
sloping upwards and outwards, and < 
of Ijeing tightly closed with a cork oi 
chouc stopper ; r/ is a glass gauge 1 
the height of the water in the ves 
e is the discharge-pipe. To fill tl 
holder with water, close rf, open th 
cocks a, 6, and e, and pour water ii 
cistern B ; the water entering A wil 
the air through ft and e ; when the 
begins to flow through c, close that stop-cock and expel the rest 
air through h. The gas-holder may now be filled with giis by 
cing the water in the following manner : — Close all the stop 
withdraw the cork or stopper from d, and introduce the tube 
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delivers the gas throngh that opening ; a short piece of canutchouc 
tobing makes the best end fur the gas^delivery-tuU.% but glum tuhiiig 
will answer the purpose if the end be slightly 1)ent ujmiinl ; the wuttT 
flows out at (2 as fast as the gas enters, and the gOH-holder nliould 
therefore stand in a shallow metal tray provided with a drain-pi {>e. 
When the desired quantity of gas has been intro<luce<l, clone d. To 
draw gas out of a gas-holder of this construction, the cistern B is 
filled with water and the cork a is opened ; under the pressure thus 
established the gas may be drawn off through e^ or allowed to rise 
through h into bottles or bells filled with water and held over the 
mouth of the tube 6 in the cistern B ; m this hist case B answers the 
porpose of a pneomatic trough. 

This gas-holder may be cheaply made of zinc ; any gas-fitter can 
npply the necessary stop-cocks ; care must be taken that the gluss 
tube which constitutes the gauge is fitted air-tight to the gas-hohler. 
The stop-cock e need not end in a screw ; tubes may be as well con- 
nected with it by caoutchouc The available pressure, under which t he 
gM in the holder streams out at e, is of course limited by the elevation 
of B above A, which must always be moderate. When a stronj^^er 
piewure is desirable, as in getting the oxy-hydrogen blowinpe ilame, 
fcr example, a heavier water-column may be obtained by screwing a 
Wl tube with a capacious funnel on top of it into the tube a, where it 
opens into the bottom of the cistern B. A piece of common iron or 
oopper gas-pipe, about a metre long, answers this purpose very well ; 
the funnel at the top should hold two or three litres, and must be kept 
*ull of water from a cask or tub provided with a cork and placed just 
*bove the funneL Where a water-supply, with moderate pressure, is 
obtainable, it may be used to keep the funnel full, or to replace the 
*Wiel altogether, if directly connected wdth the tube a. A gas- 
''older, measuring not more than 50 c. m. in total lieight, is not too 
heavy to be portable, and during the process of filling may be placed 
over a tub ; but a gas-holder of much larger proportions is better 
^Uade a fixture, and provided in a permanent manner with drain-pipe 
ftnd water-supply. The gas-holder thus described is that which is the* 
Jnost generally useful ; it may be charged from any glass fiask, retort 
or bottle, without any pressure being exerted upon the glass vessel ; 
and unused gas contained in any sort of bell, bottle, or fiask, can be 
very readily transferred to such a gas-holder without waste and with 
irery little trouble. 
A cheaper gas-holder may be made on the plan of the large gas- 
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I xxm reprewflti a gaB-holder of this Hort, i 

tank of water, which may be a cylind 
line, B8 shown in the figure, or a h( 
pork- or oil-barrel, or any other wate: 
tub, is balanced by pulleys and weij 
tight bell of' line, not too lai^ for coi 
inuuersion in the tank. The U-tube, 
in the 6gui«, which niay be either of I 
brass, serves both to introdnce and deb< 
gas. To fill such a gasometer, open th< 
lift the counterbalancing weight, and I 
bell sink into the water ; then conni 
vessel from which the gas is delivere< 
the tube of the holder, <jounterpoise th 
and the gas coniii^ Avm the geoerati 
gradually lift the bell from out the 
To force the gas out of the holder it i 
necessary to remoTS the counterba] 
weight ; the weight of the bell forces out the gas, and if thia p 
he not sufficient, additional weights may be plnced on the top 
boll. Gus-holderfi of this construction, unless very small, . 
heavy, whun filled with water, to be carried about ; but this di 
may be olivtateil, when economy is not specially to be regan 
placing within the lower cylinder, or tank, a second uir-tight c 
as a core, so as tn leave only a, narrow space between the inr 
outer cylinders for the water Into which the upper bell dips. I 
but not cheap, gas-holder* are tlius mode, which are conveni 
some uses, but are not so generjlly to lie recommended ili tho=i 
construction first described. The vessel from which a gas-hold 
counteq)oised bell is charged is always subjected to some p 
slight if the pulleys, cords and weights are in perfect order, bi 
fro(|uently considerable on account of the difficulty of main 
such an appiiratus in perfect condition. 

13, DeflagtatinK Spoon. — The little cup which hold 
buatible material, to be burnt in a bottle or jsr of gas, is i 
deflagrating spoon i it may be cheaply made liy hollowing ( 
spherical cup out of a cube of chalk about 2 c. m. on a si 
attaching a stout iron or brass wire to the chalk, in such a 
that the cup will be right aide up w\ieTi tviiv;, \i^ \,W -«\tn \ 



APPESMW xxiii 

of gas; the upper end of thi>i wire mIiouM Im* Htnii^'ht, thai it may 
betbnist through the cork or piecu of wimmI which i-uvcrs tlic iiniuth 
of the bottle or jar. The piece of chulk may lie li'iilaccd \iy a l>it of 
the cylindrical crayont< cummuiily iisfd with lilai-klMiards. Drass 
deflagrating 8[)00iis are abo to be hml of ]ihiloMi]ihi«al iiisliumcut- 
makers. 

11 Platinum Foil and "Wire, — A piece of platinum foil almut 
3c DL 8(|uare is useful ia eX[>tirimL'ntti involving' the evaporation of a 
dtopurtwo of a liipiid or the heating of u small (plant iiy of a .solid 
Mihstance. The foil should be ut least s<i thick that it doo m it crinkle 
when wiped ; and it is more economical to get foil which is ton tliick 
than too thin, for it rec^uires fre([uent cleaning. A bit of i)latiniini- 
viie, 0.4 m. m. in diameter and 8 c. m. long, will hust a li»ng time 
with careful usage. No other metal, and no mixture of Rul)stanccs 
fitm which a metal can be reduced, must ever tx- heated on ]datinuni- 
fofl or wire, for platinum fonus alloys with «>t her metals which are 
nwch more fusible than itself. If once alloyed with a baser metal, 
the platinum ceases to be applicable to its peculiar uses. Platinum 
>My be cleaned by boiling it in either nitric or chlorhydric acid, by 
'oangthe acid sulphate of sotlium or ])otassium upon it, or by sc«)ur- 
DJg it with fine sand. Aqun-regia (§ 75) and clilorine-water dissolve 
P^tinum ; the sulphides, cyanides and oxides of sodium and potassium, 
^hen fused in ]datinum vessels, slowly attack the metal. 

15. Filtering. — Filtrati(m is resorted to in oi-der to se]>arate a 
"i^ely divided solid from a liquid. The filter may l>e ma<le of paper, 
cloth, tow, cotton, asbestos, and other substances. Paper is the sub- 
stance ofbenest used. A good filtering paper must be porous enough 
to filter rapidly, and yet sufficiently close in texture to retain the 
finest powders ; and it must also be strong enough to bear, when wet, 
the pressure of the lit^uid which must be jjoured u])on it. 

Filtering paper is commoidy sold in sheets, which may be cut into 
circles of any desired diameters for use, according to the various 
scales of operation and quantities of liquids to be filtered, or pack- 
ages of " cut-filters " may be procured ready-made from the dealers 
in chemical ware. 

There are two ready methods of preparing filters for use. Accord- 
ing to the first method, 8ho>\Ti in Fig. XXIV, a circle of paper is 
folded over on its own diameter, and the semicircle thus obtained 
is doubled once upon itself into the form of a (juadrant ; the paper thus 
folded is opened bo that three thicknesses shall come upon one side. 
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fn. xxnr. and one thickness npon the other, as shown in the 
u]iper half of Fig. XXIV ; the filter is then placed 
in a (^laxrt funnvl, the angle of which should be pre^ 
cist'ly that of the o]iened paper, viz., 60®. The 
IMpvr may be so folded as to fit a funnel whose 
angle is more or less than 60*^, but this is the 
mcMt ailvantageous angle, and funnels should be 
selected with reference to their correctness in this 
respect. 

In the set'ond methcxl of folding filters, the circle of paper is 
doubli'd once upon itself as before into the form of a semicircle, and 
u fold etiual to one quarter of this semicircle is turned down on each 
niik* of the {jaiter. Each of the quarter semicircles is then folded 
Fm. XXV. back upon itself, as shown in the lower half of Fig. 
XXV ; the filter is opened, without disturbing the 
foldeil i)ortions, and placed in the funnel. Filtration 
can be rapidly effected with this kind of filter, for 
the projecting folds keep open passages between the 
filter and the funnel, and thus facilitate the passage 
of the liquid. That portion of the circle of paper 
wliitli must necessarily be folded up in onler to give 
the rwjuisite conical form to a jKij^er filter retards 
filtnition in the fii-st manner of folding, but lielps it in the second. 




Fio. XXVI. 




Coarse and rapid fil- 
tering can be effected 
with cloth bags ; also 
by plugging the neck 
of a funnel loosely 
with tow or cotton. If 
very acid or very 
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caustic li([uid, which 
would destroy paper, 
cotttm, tow or wool, 
is to be filtered, th 
best substances wherewith to plug 
the neck of the funnel are asbestos 
and gun-cotton, neither of which is 
attacked by such corrosive liquids. 
The glass funnel which holds the filter generally requires an inde- 
pendent support, for it is seldom judicious, or possible, to support 



APPESDIX. 



XXV 



the funnel directly upon the veHM*! whii-h n*ceivt>ii tin* uHraU\ .-is the 
dear liquid which runs through th«' biter Ik rallitl. Tin- ii>>ii -t:i!i<l 
(Fig. XVII) may be i«t^l for thi-* ]»iir{N>iM' ; aii-l \\i"-lii» -t.i:: 1-. •■!" 
the form rt'pre^eiited in Fij». XWi, iuli]iti-<l rxjiii— Iv li.r h-I'lii.j 
funnels, are very convenient ami not i'\]H«ij^i\i'. In ;_'<-nfi.il. • .iP- 
should be taken that the luwer eml (if thi' funiiL-l tMiuli tin- <i'I- >>r 
edge of the vessel into which the filtrate fle.-H.i'nil:*, in I'lijcr ili.ii tin- 
liquid may not fall in drups, but run quietly ilnwn withi»ut .^I'Li-hin.:. 
Sometimes there is no objection to thrust in;; ii funn<-l iliii-i-tly int>i tin' 
neck of a bottle or flask, but in thut ca^t* an ainplc exit f«<r ilic air 
in the bottle must be pruWded (Fij^r. XXVII). 

16. Drying GkuMS. — It Is often desira)»le tu rcniow thi* Uipit-iiiH 
vapor which is mixed with gases C4>llecte<l over wati-r, i>r iin-parcil 
from materials containing \i'ater. It very seKloni ]ia]>[>ens that a ^^as 
cau he prepared at one operation in H} ilry u state as tu i-(»ntain n<i 
"W^wr of water ; this vapor must onlinurily W- ivnmveil l»y a >uli-«-- 
queQt or additional process. ExiM.'n«'nr^ Ikls >hi>\\ii that M»nie ;ja>is 
ue more easily dried than others ; thus air, ]iyilr<>;^'en and i< in:ii<>n 
oxygen are thoroughly drieil with great eas«-, l)Ut ^pi:?^'** wliiili r..n:ain 
ADtozone only with great difficulty ; chlnrine is thn-e times as hanl to 
diy as carbonic acid. These and i>imilar tacts niu>t W- lN>rne in iniml 
in constructing di^'ing appamtu^. The coninion ilrvin^,' nit»ie>s «U- 
pends upon bringing the moist giis into conta«:t with >onie li^uiil nr 
solid which greedily and rapidly absorb:* a<pie<m.s vajMir. Tin- ibn-e 
substances most used for this pur[»ose are conrent rated suliihuri«- aii«l, 
calcium chloride and dry quicklime. Sulphuric Jiciil may be used 
iQ two ways : the gas may be maile 
to bubble through a few centi- 
metres' depth of the liquid acirl, 
or it may be forced -to ]iass throu;;h 
the interstices of a column of bro- 
ken pumice-strme which has lx:en 
previously soaked in the ai.'id. The 
latter method is the most effectual, 
because it secures a more thf»rou^'h 
contact of the gas with the }iy;^'ro- 
scopic acid than is [t^^ssible during =^ 
the rapid bubbling of the light gas 
through a shallow laver of the dense 
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liquid. The coluum of fragments of pumice-stone may be held in a 
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U-tuW, aiTanp;ed like tliat shown in Fig. XXVIII ; but the vertical 
cyliiuler whown in the mine figure is better adapted for this use, be- 
rnuM* the ncid, as it Insconies dilute from absorption of moisture, grad- 
ually trii'khrs from the pumice-stone, and is apt to collect in such quan- 
tity at the bottom of the U-tube an to completely close the tube. In 
pn>[)ariii^ the upright cylinder for use, the portion below the coutrac- 
tifiti iM not Hlle<l with pumice-stone ; it receives the drippings from the 
punii(*e-stone column. The gas to be dried enters by the lower lateral 
o] MM ling, and goes out at the top of the cylinder. Though especially 
mla]>ted to the column of acid-soaked pumice-stone, this cylinder ma} 
very well Ix; use<l with either of the other drying agents, calcium 
chloride or <iuicklinu'. Either of the forms of drying-tube representee 
ill Fig. XXVIII may be employed with these latter substances ; h 
churging the horizontal tubes, bits of loose cotton-wool should first b 
]»Iu('ed agaiiiHt the exit-tube to prevent any particles of the calciun 
chlorifle, or quicklime^ from entering that tube ; pieces of th( 
])erfectly dry solid are then introduced in such a way that the tub 
may be conq»actly filleil with fragments which leave room for the ga 
to i)ass ver}' deviously between them, but offer no direct channel 
through which the gas could find straight and quick passage. Quick 
lime must be charged iniu*h more loosely than calcium chloridf 
}»e«ani5e of its great expansion when moistened. Fused cAlcimi 
chl(iri<le is not so well adapted for drying gases as the unfused Rub 
stance. It is not at all necessary that the fragments of calcinn 
chluriile, or (luicklinie, should be of uniform size. When the tube i 
nearly full, a plug of loose cotton should be inserted before puttinj 
in the cork. A calcium chloride tube, once filled, will often serv< 
for many experiments ; wheTiever out of use, its outlets should b 
covered with paper ca])s ; or, better, caoutchouc connectors may b 
slip]>ed upon the exit-tubes, and bits of glass rod thrust into thes( 
connectoi's. The moisture of the air is thus kept from the calciun 
chloride. The dimensions of drjing-tubes are of course very va 
rious ; the bulb-tube shown in Fig. XXVIII is seldom used with J 
greater length than 25 c. m. ; when this form of tube is employed th( 
gas should invariably enter by the end without a cork, where th( 
small size of the tube permits direct connection with a common gas- 
delivery-tube by means of a caoutchouc connector ; the other hori- 
zontal tube, shown in the figure, may be of any length, but whenevei 
a great extent of drying surface is necessary, U-tubes have the advan- 
tage of compactness, for many can be hung upon one short frame 
the upright cylinder may b' " '"" <*'. m. to 40 c. m. in height. 
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The choice between one or other of the thnn* drying suY»staiii'«'M \h 
determined in each 8])eciul niM* hy the chniiiral n-lalimis ni' th«' ^'.-ih 
to be dried; tbua ainmonia-gus, which i'k ahs4irlNH| hy Hiiljiliurii* arid 
and by calcium chh)rtde, must U* drii^l hy pass in;; jt ,,vri- i|uirk- 
lime, while sulphurous acid {{as, which wouM t-i>iiil»iiic with ({iiit k- 
lime, must 1)e dried by contact with »«iU]>hui-ic acid. 

17. Water-bath. — It is oft^n iiiTcs^aiy tn <*vajM»rati* snhitioiis 
at a moderate temi>erature which can ]H-riiiaiii:iit]y U' kept ImIow a 
certain known limit ; thus, when an aqueous Hthitidii is U\ U* (|iiictly 
evaporated without spirting or junij»iii^', thr t»*iiipciatun* of the solu- 
tion must never be suffered to rise* alwive tin* boil- fio. xxix. 
ing-point of water, nor even quite to n*ach tliis 
point This quiet evaporation is Ixist effecte<l by 
the use of a water-bath, — a copjK^r cup whos« 
I top is made of concentric rings of difft-ivnt di- 
I anieters to adapt it to dishes of various sizes (Fi^'. 
\ XXIX). This cup, two-thinls full of water, is 
ropported on the iron-stand over the lamp, and 
the dish containing the s(dution to be evapomtetl is ]»lac(Hl on that 
one of the several rings which will jiermit the greater pail of the <lish 
to sink into the cop})er cup. The steam rising from the water im- 
pinges upon the bottom of the dish, and brings the litiuid within it to 
a temperature which insures the evap(H'atit)n of the water, but will not 
cause any actual ebullition. The water in the copper cup must never 
be allowed to boil away. Wherever a ccmstant supply of steam is at 
hand, as in buildings warmed by stejun, the co])per cup above described 
inay be converted into a steam-bath ])y attaching it to a steam-pipe by 
means of a small tube provided with a stop-cock. 

A cheap but serviceable water-bath may be made from a quart 
milk-can, oil-can, tea-canister, or any similarly shajjed tin vessel, by 
inserting the stem of a glass funnel into the neck of the can through a 
well-fitting cork. In this funnel the dish containing the liquor to be 
evajwrated rests. The can contains the water, which is to be kept 
just boiling. On account of the shajje of the funnel, cbshes of various 
sizes can be used with the same apparatus. 

When a gradual and equable heat higher than can be obtained 
upon the water-bath is retpiired, a siuul-bath will sometimes be found 
useful. A cheap and convenient sand-bath may be made by beating 
a disk of thin sheet-iron, about four inches in diameter, into the form 
of a saucer or shallow pan, and placing within it a quantity of dry 
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KUiiL The ilixh or diuk to \>e heated is embedded in the tond, and the 
u[i]EiRilu!< I'litrrd ii|Hin a nn<; of the iron-Btmid over a. gas-lamp. 

la S«U-r»galatUiE Oaa-gmerator. — Ad a]>para(us which is 
iilu-iiVH niiit_v li> ilcliviT u ciiTibtiuit etrenm of hydrogen, tuid yet does 
iiiit ;;fiR-iiU(: lliu aiu^ i'xci.-]>t when it is iuiiiied lately wanted fur use, 
i" 11 Kri'iit I'liiivi-iiii-nce iu on wtive luburutury or on a lecture- table. 
Tin; Kiuiu ri'iiurk apjilieo to tile two f^aaca, hydrogen sulphiile and 
tai'lHinii' iirirl, wliicb ure liki^wise used in consideraMe quantitiea, 
niid whiuh can be conveniently generated 
in precisely the some form of apparatus 
which is advantageous for hydrogen. Such 
ineratur may be made of divers dimen- 
Mons. The following directions, with the 
accompanying figure (I'ig- XXX), will 
enable the rtudent to construct an ap- 
jHiratus of convenient size. Procure a 
gloss cylinder 20 or 2i> c. m. in diam- 
eter and 3(1 or 35 c m. high ; ribbed 
caiitly-jara ore sometimes to be had of 
about this size ; procure also a stout tubu- 
lated l)ell-gla.i8 1() or li c m. wide and 
5 iir 7 c. ni. sbortc-r than the cylinder. Get 
a basket of sheet-lead 7.5 e. m. deep and 
2.5 c, m. narrower than the 1)«ll-glns^, and 
iHjrca luiiiibiT of small hole.-' iu the sules and bottom of thia basket 
Ciist a cirt'ular )>late of leail 7 m. m. thick and of a diameter 4 c. n). 
!iu';;i'i' tliiiu that of the glita cylinder ; on what is intended for its 
luidi'i' ^iili- riiildiT the><e cipiidistanl leaden strips, or a continuous ritig 
of lead, til kee]i the plate iu pro|)er position as a cover for the cylin- 
iliT. Fit tightly to each end of a goml brass gns-oock a piece of lira-iS 
tulM! 8 c. m. long, 1.5 to 2 c. ni. wide, and stout in nictid. Perforate 
tlie centre of llie leaden phite, so tliat one of these tul)es will snugly 
jKias through the orifn-e, and secure it by solder, leaving 5 c. m. of the 
lube pmifctiiig below the plate. Attach to the lower end of this tube 
a stont hook on which to hang the leaden basket. By melius of a 
sound cork and common sealing-wax, or a cement made of oil miseil 
with rwi and wliite lead, fast<'n this tulie into the liibulure of the 
bcll-glaaa air-tight, and so firmly that the joint will bear a weight of 
sevei^al pounds. Hang the basket by means of clipper wiiu within the 
bell 5 c. m. above the bottom of the latter. T.i the tvibe which extends 
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above the stop-cock attach by a goo«l cork th«* in-rk nf a tiilitil;il«*«t 
receiver of 10() or 150 c. c. capacity, tfu* interior <»!' whiih h.i- Im-i-ii 
loosely stuffed with cotton. Into thi* s*vi»n<l tulmlmv nf ilu- n-i ii\i r 
fit tightly the deliver}'-tube caiTvin^ a raoiiirhnin' <i»iiiirrtMr ; intn 
this connector can be fitted a tiilKi adaptiMl tn ninvrv tin- )i\i> in any 
desired direction. This apimratus is char^'rd hy plarin;^' tin- zinr, 
iron sulphide or marble, as the ciist* may b«*, in th«* iM-^ki-t, haij.u,'iM;< 
the basket in the bell, and then putting llu* lK'lI-^la» lull (»f air into 
its place and closing the 8toi)-cock; the cyliiuK'r is tlu*ii lillcil with 
> dilute acid to within 4 c. m. of the top. On (»iH'uing tiit' nuk, tin; 
weight of the acid expels the air from the 1h*11, the aci<l ctiiiK's in cnn- 
tact with the solid in the basket, and a stea<ly sui)i)ly of gjis is ;;t ner- 
ated until either the acid is saturatetl or the solid dissidvttd : it' the 
cock he closed, the gas accumulates in thi^ bell, and puslu?s iIk^ acid 
below the basket, so that all action ceast*s. In cold weather thu ap- 
paratus must be kept in a warm place. For giMU'ratinj^' hyll^o;^^'n, 
sulphuric acid diluted with four or five parts of water is used ; lor 
hydrogen sulphide, sulphuric acid is diluted with fourteen parts of 
water; for carbonic acid, chlorhydric acid diluted with two or tlinn; 
parts of water is to be preferred. 

19. Olass Retorts, Flasks, Beakers, Test-tubes, Test- 
glasses and Bottles. — All glass vessels which are meant for use, 
in heating liquids must have uniformly thin bottoms. Tubulated re- 
torts are much more generally useful than those without a tubulure ; 
as retorts are expensive in comparison with flasks, they are less used 
than formerly. 

The neck of a flask should have such a form that it can be tightly 

closed by a cork, and the lip must be strengthened to resist the force 

used in pressing in the cork, either by a rim of glass added on the 

outside, or better by causing the rim itself to flare outward. The 

actual edge of the rim must never be sharp or rough, but always 

smooth and rounded by partial fusion. The tliin-bottomed flasks in 

which olive-oil wjis formerly imported from Italy are excellent for 

chemical uses ; their edges always require, however, to be rounded in 

the lamp.. These Florence flasks, whenever they can be obtained, 

are very much to be recommended both on the ground of cheapness 

and of durability : they may be cleaned by soaking them 24 hours in 

a weak caustic lye, and then washing them with boiling water. 

Beakers are thin flat-bottomed tumblers with a slightly flarinjr rim. 
They are to be bought in sets or nests which sometimes include a 
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iiV>- TKvjf <if niwH. The mnnll iivf* are very useful vessels; lli0 
ii-V nn- sii fniijilc hh to tx: nlu'iiwt wurthlinw. Up to tbc capacity of 
i-iil II litri', UstkiiM atv to Ik; RL'oniniL-uiltNl for beating liquids 
lo'iirviT it i* riu oliji'L'l til liiivu tliu wliulu interior of the ymA 

■IvViW U.'.:.-:<^il.1f. 

Tcnt-tuU-A iiiv liiili- cvlinilen of thin y^hsm, with round, thin hit- 
iius nnil li|i» sli<;lii]y ILkiul. Their leu^^h uiay bi; from 12 c. m. to 
^ I', ui., Htul Ibi-ir tliaiueter 1 c. ill. to :i o. ni. ; they shonlil never hare 
vk. X\x[. 




a ilinuietvr so litrge that tlie open end 
i^aiinot \k fIcBteU by the ball of the thumb. 
To holil thti tubei uprij^ht a wooden rack 
13 necessary ; ' bcsiiles the row of holes to 
receive a dozen tent-tubea bottom ilown, 
the rack ehouhl have a row of pegs on 
whii'li the t«sl-tu1>e3 uiny be inverted 
whun not in »jm ; in this position the 
wiitiT in which they are rinsed drains o^ 
anti dtiMt ciitmot lie ilepusiteil within the tulies. Test-tubes are much 
uscil fur lieutin^ i^uiull ijuaiititicij of liquid over the gas- or spirit-lamp ; 
tlii'v uiiiy f,i:ni'i-.dly be lieKI by the upper end in the fingers without 
iii.n[jv,nii-ui'i'. but if ;i li.,iiid' \* to 1k! liciih'd long in a test-tube, the 
ml- jijiisi !„■ hi-lii ill wi-kIi-11 iiipiN.'!^ (s..e Pig. 1), or in a strip of thick 
fiildi-<l i';i|K-r, uippc'l ruiind tlii' tnlic un<l grasjied lit-twcen the thumb 
and fi'r<'llN;.'i-r just out.'iilc tb'- IhIkj. Tlie wooilen iiippers, above 
nH'nliinii'd,ii]t' made of l«-o hits of ivoud iiboLit a foot lon{{ hinged to- 
{^-c'tln'r ill tbi' iKU'k, iiiid at onie (■■mnecleil and kept apart by a sliding 
sti'id or bnt-is spring, sorni-what like those ui*d on cerbiin pruning- 
slicjirs and wuuu kinds nf steel nii>pers. When a liquid is boiling 
ill-lively ill a trst-InU", it soinelimefl luippens that jiortions of the hot 
liipiid aiv piiijeiti'il out of the tiilm with some force ; the operator 
nhonld always \n: careful not to direct a tube, whkh he is thus using, 
cithiT towaiils himself iir towards any other jierson in his neighbor- 
hiNKl. Ti!rtl-tulies are cleaned by the aid of cylhidricnl brushes, uiade 
of bristles caught lietween twiiiled wires, like those used for cleaning 
Imiip-chiiuiieys : ther should have a nniud end of bristlea. 

Two prei-auticHiH an- invjuiahly to be olisen-eil in heating test-tubes ; 
fii'st, the outside uf the tulie must bn wipwl peifcclly dry ; secondly, 
the tulic must Ix- niove<l in and out of tlie flame fur a mimitc or two 
when first heated. It should J* ndleil to and fro also to a alight 
extent between the thumb uud forefinger, in oi-dor that each side of it 
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eqnally expoaed to the flune. A droj) of wntfr on thi- out- 
tbe tube keeps one spot coolur thun Uie rmrt. The tulw 
because iti potts, being uiieqnall]' healiil, i-xihuuI unu(|iuilly, 

flting glass and porcelain, vessels of whatever fonii, the tem- 
i mart not be raised too rapidly. When a largi; Huflk iir 
nntaining a cold lic^uid is fiivt warmed over a Luiip, uuiHturo 
invariably condenses upon the liottoiu of the vuwiel ; tliia 
I Rhoiild be wiped olf witL a cloth. 

conical glasses with strong stems and feet are convenient fur 
ies not involving the appliuitiiin of heat. They ai'e enlled 
ses, and muy be hod of various shajies and sizes. It is 

that cheap wine- or beer-glosses and cuukiiiiiii jully-tuiubler)>' 
nswer the purposes which these teat-gluuiiea svrve. 
le collection of gases ot the pneumatic trough, and for many 
irposes, onlinary green glass " packing-bottles " may take the 

more expensive apparatus. The smaller sizes may l>e con- 
y used instead of beakers and test-glosses, but the bottles cun- 
iied for the heating of liquids. 

'Ipettes. — Pipettes ore tulws drown to a point and some- 
misbed with a bulb or a cylindriool enlai^ment. They are 
iwd to sack small quantities of fluid out of a p^g xxxii 
ithout disturbing iJie bulk of the liquid. Fig. 

represents three forms of pipette ; the form with 
■T end bent upwards is used to introduce liquids 
l)ell or bottle of gas standing over mercury. 

graduated into cubic centimetres, or holding a 
number of cubic centimetres when filled to a 

the stem, are often convenient 
irii^-glosses, <livide<l into cubic centimetres, are 
. the cylindrical fonn and also in the flaring 
ninion in diiiggists' meoBuring-glasses ; the cylindrical form 
■- preferred. Such a glass of 250 c. c, or better of 500 c c. 
, is a very useful implement : flasks holding 1 litre, 600 c. c., 
c c, when filled to a mark on the neck, are also conve- 

'Qrcelaln DiBhes and CraoiblM. — Open dishes, which 
r heut without cracking, are neccssaiy implements id the 
ry for c^mductiiig the evaporation of liquids. The beat evap- 
Ushes are those made of Berlin porcelain, glazed both inside 
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and out, anil provided with a little lip projecting beyond the rim; 
The <lishi'H inaiie of Meisaen porcelain are nut glazed on the outside, 
and an* not ho durable as those of Berlin manufacture ; but they are 
much i'h('a|XT, and with proper care last a lung time. The small 
Ik'rliii dishes will generally bear an evaporation to dryness on the 
wiiv-gauz(* over the o|>en flame of the gas-lamp ; the Meissen dishes 
do not HO wi'll endure this severe treatment. Evaporatiug-dishes are • 
made of all diameters from 3 c m. to 45 c m. ; they should be 
onK*red ]»y »|K»cifying the diameter desired. The large sizes are 
exiH-nsive, and not very durable ; they should never be used except ] 
on a siind-Uith. Dishes of Carman earthenware are as good as porce- 
lain fur many uses, and are much to be recommended in place of the 
Fio XXXIII. h"^ sizes of porcelain dishes. 

Deep porcelain dishes provided with handles 
(cidleil casseroUs) are very useful in heating liquids 
which have a tendency to froth (see Ezps. HI and 
113), and may l)c obtained of various sizes. -^ 

Very tliin, highly glazed porcelain crucibles with glazed covers 
are made \n)i\\ at Berlin and at Meissen, near Dresden ; they are 
indispensable imi)lenients to the chemist. In general, the Meissen 
(imihlcs an* thiniHT than the Berlin, but the Berlin crucibles are 
soiiH'wIiat li'ss lia!>l(* to crac'k ; l)Oth kinds are glazed inside and out, 
except «»n th<' outsidt* of the bottom. Cruci)»les should be ordered by 
sjHM'ifviii;^' tlic <liaint*t('rs of the sizes desired ; they are to be had of 
nearly a dozm (lillcrcnt sizes, with diameters varying from 2 c. m. to 
9 c. ni. The smallest and Ijin^est sizes are little used ; for most 
pur])oses the lM»st sizes are those between 3 c. m. and 5 c. m. in 
(liaiiiet{T. As the covers are much less liable to be broken than the 
crucihles, it is advaiitaj^eous to buy more crucibles than covers, when- 
ever it is possible so to <lo. Porcelain crucibles are supported over 
the lani]) on an iron-wire trianj^le ; they must always Imj gradually 
heated, and never broii^'ht suddenly in contact with any cold substance 
while they are hot. 

22. Rings to Support round-bottomed Vessels. — It is 
often necessary to su])])()rt j^lobes, round-hottonied fhvsks, evaporating- 
dishes, and round receivers in a stable manner uj)on the table or other 
flat surface. For this |)urj)()se rin<j;s are used, made of braicied straw, 
or of stra\y wound alM>ut a core of straw, or of tin wound with list- 
ing or coarse woollen cloth. The material of which these rings are 
made, or with which they are covered, ovv^Vv\, \,o \i^ tx. ?,\xl^taiice which 
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does not condnct heat well, becaiiflc one of the <-hi(^f um^b of thcHc i in^rH 
is to receive hot vessels just removed fmiii th<; liuii]) or Kiiiid-)Kitii. A 
hot flask or dish would ahnost cerUiinly be broken, if it Wi>ru placed 
upon the cold surface of a gocnl con<luctor of brut. TIh^ studrnt 
must never touch a hot vessel with cold water, or Wwv^ it into siiddf n 
contact with a surface of marble, iron, cop^K^r, or otlitT ^'o<nI cotiductor 
of heat 

23. Cmoibles, Fnmaoes, Tongs and Iron Retort. - I'\ii- 
preparing granulateil zinc on a coiisiderablu ncale and for oth(;r pur- 
poses, the cheapest crucibles, and those which are most used, an* those 
known as Hessian crucibles. These Hessian erucibles are s(dd in 
nests containing from 3 to 10 crucibles ; there are 10 sizes, wliirh 
vary from 3 to 25 c. m. in height They generally have a trianj^ular 
form, and will withstand a very high tenijieniture, if they an* warun*d 
before being put in the fire. They are not sold with e<»vers ; but 
covers may be bought separately, or a trianj^ular piece of soai)ston(; 
mfiiy be very conveniently used as a cover. C^ruciblea are niaiidy 
used for the fusion and reduction of metals, but there are also many 
chemical compounds which can only be prepared at the very lii«^di 
temperatures which by the use of cnicibles we are able to command. 
Although crucibles often withstind the most sudden chanj^es of 
temperature, it is, nevertheless, expedient as a general rule to heat up 
a crucible gradually, and to previously warm a charge which is to Im 
placed in a crucible already hot. If a cold crucible is. to be intro- 
duced into a fire, it should first be placed in the coldest [)art of the 
fire and gradually brought into the hottest part. 

For heating these crucibles an anthracite or coke fire in an ordinary 
cylinder stove will in most cases suffice. The chafing-dish or oi)eu 
portable stove, such as is used by plumbers, for example, is very con- 
venient for operations which require less heat. The clay buckets used 
as open furnaces are l)etter than the iron ones, because they hold the 
heat better. 

Charcoal is the fuel used in these open fires. A very useful accom- 
paniment to these portable furnaces is a piece of straight stove-[)ipe, 
about 60 c. m. long and 10 c. m. wide, and flaring out Mow like a 
funnel until it is wide enough to cover the top of the furnace. This 
contrivance jwwerfully increases the draught, and is used to urge the 
fire during kindling, or to intensify it while a fusion is in progress. 
With a furnace of this description there is no difficulty in keeping a 
small crucible white-hot for a short time. 
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Small porcelain crucibles are handled^ when hot, hy means 
no. XXXIV. of small steel or iron tong», such as are 

ivpreeented in Fig. XXXIV, or by means 
of small steel pincers^ such as are used by 
jewellers. Lar^^T crucibles are handled by means of tongs of various 

shapes and sizes> according to 

the weight and nature of the 

vessels to be lifted. Fig. XXXV 

represents two good forms of 

stout iron tongs for lifting huge 

crucibles out of a coal fire. The 

manner of using them is readily 

understood from the figure. 

A retort, made of iron, of the form shown in Fig. XXXVI, is a 

very convenient tool in making large quantities of oxygen, and in 

Fio. xxxvL preparing illuminating-gas or marsh-gas. 

The iron top is fitted to the retort wi^ 
a ground joint faf«tened by a screw- 
clamp. When the top is removed, 
the whole inner surface of the retort is 
/ ^^ exposed, — a decided advantage wher- 

ever the residue left in the retort after 
use is solid. A retort of about 300 c. c. 
capacity is amply large for most uses. 
A .small iron kettle makes a serviceable retort ; the; lid must be luted 
on, and the nose becomes the exit-tulxj. 

24. Mortars. — Iron, iK>rcelain and agate mortars are used by 
chemists to reduce solids to powder. An iron mortar is useful for 
coarse work, and for effecting the first rough breaking up of sub- 
stances which are subse<[nently powdered in the porcelain or agate 
mortar. If ihnTn be any risk of fragments being thrown out of the 
mortar, it should be covered with a clotli or piece of stiff paper, 
having a liole in the middle through which the pestle may be passed. 
Pieces of stone, minerals and lumps of brittle metals may be safely 
broken into fragments suitable for the mortar by wrapping them in 
strong paper, laying them so enclosed upon an anvil and striking 
them with a heavy hammer. The paper envelope retains the broken 
particles, which might otherwise fly about in a dangerous manner, and 
be lost. 
The best porcelain mortars are those knowivby the name of Wedge- 
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wood-ware, but there are many cheajxT Bul)stitiitcs. I'om'lain mor- 
tars will not bear sharp and he<ivy blows ; they ure iiitciKlol rath^T 
for grinding and trituration than for haninie*rin;{ ; tht* iN-stlt; may 
either be formed of one piece of porcelain, or a ])ii'ce of porcelain 
cemented to a wooden handle ; the latter is the less desirable form of 
pestle. Unglazed porcelain mortars are to Ix* pi-eferred. In H-h-i.tin^r 
mortars, the following points should Ixi attended to, — 1st, tlie mortar 
should not be porous ; it ought not to absorb stn)n;; acid.s or any 
colored fluid, even if such liquids Ixi allowed to stand for lioui-s in llie 
mortar ; 2d, it should be very hard, and its ^Mistle shouLl \x\ of tlu? 
same hardness ; 3d, it should be sound ; 4th, it should have a lip for 
the convenience of pouring out liquids and fine iM)wders. As a ride, 
porcelain mortars will not endure sudden changes of tempeniluiv. 
They may be cleaned by rubbing in them a little sand soaked in nitric 
or sulphuric acid, or, if acids are not approi)riate, in caustic soila. 

.A^te mortars are only intended for trituration ; a blow would 
break them. They are exceedingly hard, and impermeable. Tlie 
material is so precious and so haid to work, that agate mortai-s are 
always small. The pestles are generally inconveniently short, — a 
difficulty which may be remedied by fitting the agate pestle into a 
wooden handle. 

In all grinding operations in mortars, whether of porcelain or agate, 
it is expedient to put only a small quantity of the substance to ha 
powdered into the mortar at once. The operation of powdering Avill 
be facilitated by sifting the matter as fast as it is powdered, returning to 
the mortar the particles which- are too large to pass through the sieve. 

25. Spatulas. — For transferring substances in powder, or in 
small grains or crystals, from one vessel to another, spatulnc and 
scoops made of horn or bone are convenient tools. A coarse bone 
paper-knife makes a good spatula for laboratory use. Cards, free 
from glaze and enamel, are excellent substitutes for spatulae. 

26. Thermometers. — Thermometers intended for chemical use 
must have no metal, and no wood or other organic material upon 
their outer surfaces ; their external surfaces must be wholly of glass. 
The best thermometers are straight glass tubes, of uniform diameter, 
^ith cylindrical instead of spherical bulbs, and having the scale en- 
graved upon the glass ; such instruments can be passed tightly 
through a cork, and are free from many liabilities to error to which 
thermometers with paper or metal scales are always exposed. A 
cheaper kind of thermometer, having a paper scale enclosed in a glass 

envelope, will answer for most experimenta. 
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THE METRICAL SYSTEM OP WEIGHTS AND MEASURES. 

The inotrii'ul Rvstem, employed in the affairs of every-day life by 
ino8t of the nations of continental Europe and by scientific writers 
throu^'hout tlie world, is boseil upon a fundamental unit, or measure 
of len«^th, calle<l a metre. This metre is defined as the 40-millionth 
jmrt of the circumference of the earth, or, in other words, of a " great 
circle " or meridian ; its length was originally determined by actual 
miiiisurenient of a considerable arc of a meridian, but the various 
nuiasurtMuents ln'retofore made of the length of the earth's meridian 
<liffcr slightly from each other, and it is to be expected, and indeed 
1i()1k.m1, that the steady improvements of methods and instruments 
will make each successive determination of the length of the meridian 
better than, and therefore different from, the preceding. It is, on this 
account, nc«;e?sary to define the standard of length, by legislation, to 
be a cert;un rod of metal, deposited in a certain place under specified 
giiamnties, and to secure the uniformity and permanence of the 
standard by tlit* iniiltipliciition of exact copies in safe places of de- 
posit. 

From this sin;^de quantity, the metre, all other measures are deci- 
mally derived. Multiplied or divided by 10, 100, 10(X), and so forth, 
the metro supplies all needed linear measures, and the square metre 
and cul)ic metre, with their decimal multiples, supply all needed 
measures of area or surface, on the one hand, and of solidity or 
capacity on the other. 

From the unit of measure to the unit of weight the transition is 
admirably simple and convenient. The cube of the 1 -hundredth of 
the linear metre is, of course, the millionth of the cubic metre ; its 
bulk is about that of a large die of the common backgammon board. 
This little cube of pure water is the universal unit of weight, a 
(jrammey which, decimally multiplied and divided, is made to express 
all weights. The numbers expressing all weights, from the least to 
the greatest, find direct expression in the decimal notation ; the 
weights used in different trades only differ from each other in being 
different decimal multiples of the same fundamental unit ; and in 
comparing together weights and volumes, none but easy decimal 
computations are ever neces«^ 
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The nomenclature of the metrical system is pxlronicly Hiiiipl«* ; (nie 
general principle applies to each of the following' tables. Tlu- (Iicik 
prefixes for 10, 100 and 1000, viz., deca, herlo uiid kilo, an- used to 
signify multiplication, while the Latin prefixes for 10, 100 and 1(KH», 
viz., deci, centi and milli, are employed to express Hulxlivi.sion. Of 
the names thus systematically derived from that of tht* unit in vm-.h 
table, many are not often used ; the names in coninioii use an* th<»s4; 
printed in small capitals. Thus in the tahle for linear measuii', nnly 
the metre, kilometre, centimetre and millimetre are in common use, — 
the first for such purposes as the English yard suKserves, the second 
instead of the English mile, the third and fouilh in lieu of the frac- 
tions of the English foot and inch. 



LINEAR T.IEASURE. 





Metre. 




0.001 


or 


1-1,000 of 


a metre. 


0.01 


or 


l-KK) 


<< 


0.1 


or 


1-10 


ti 


1. 








10. 








100. 








1,000. 









( MlLLIMKTRB 

Divisions . < Centimetre 
( Decimetre 

Unit . . Metre 

( Decametre 

Multiples . < Hec*ometre 
(Kilometre 



SURFACE MEASURE. 

{Millimetre square = 0.000,001 of a metre square. 

Centimetre square = 0.000,1 *' *' 

Decimetre square = 0.01 " " 

Unit . . Metre square = 1. " " 



CUBIC MEASURE. 

Cubic Metre, 

r Cubic Millimetre = 0.000,000,001 

Divisions . < Cubic Centimetre = 0.000,001 

t Cubic Decimetre = 0.001 

Unit . . Cubic Metre = 1. 

C Cubic Decametre = 1,000. 

Multiples . < Cubic Hectometre == 1,000,000. 

t Cubic Kilometre = 1,000,000,000. 

The table for land measure we omit, as having no connection with 
our suhject. For the measul^ement of wine, beer, oil, grain and simi- 
lar wet and dry substances, a smaller unit than the cubic metre is 
desirable. The cubic decimetre has been selected as a special stand- 
ard of capacity for the measurement of substances such as are bought 
and sold by the English wet and dry measures. The cubic decimetre 
thus used is called a litre. 

28 
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CAPACITY MEASURE. 



( Millilitre 
Divisions . < Centilitre 

( Decilitre 
Unit . . LiTRK 

( Dt^calitre 

Multiples . \ HWTOLITRB 

\ Kilolitre 



Litres. Cubic Metre. 

0.001 » 0.000,001 ^ 1 cubic centimetre. 

0.01 « 0.000,01 

0.1 » 0.000,1 

1. s= 0.001 — 1 cubic decimetre. 

10. = 0.01 

100. = 0.1 

1,000. =1. =1 cubic metre. 



The tjible of wi^i^hts \y&es% an intimate relation to this table of 
cniMiiity. As ulreiuly mentioned, the weight of that die-sized cube, a 
4'ul)ic centimetre or millilitre of distilled water (taken at 4°, its point 
of ^eatei*t density) constitutes the metrical unit of weight This 
weight is culle<l a gramme. From the very definition of the gramme, 
and from the tu]>le of capacity-measure, it is clear that a litre of dis- 
tilled water at 4° will weigh 1,0()0 grammes. 







WEIGHTS. 






Grammes. 




( Mn.T.TORAinCB 


= 0.001 


Divisions . 


< Centigramme 


« 0.01 




\ Decigr.vmme 


= ' 0.1 


Unit . 


Gramme 


— 1. — 1 cubic centimetre of water at 4". 




( Dcrajrranime 


10. 


Multiples . 


< Hcctojrraiiniie 


. . 100. 


A 


( Kilograinine 


— 1 ,000. — 1 cubic decimetre of water at 4°. 



The 8imi)licity and directness of the relations between weights and 
voliiines in the metrical system can now be more fully explained. 
The chemist ordinarily uses the gramme as his unit-weight, and for 
his unit of volume a cubic centimetre, which is the bulk of a gramme 
of water. F'or cr)arser work, the kilogramme becomes the unit of 
weight, and the (corresponding unit of measure is the litre, which is 
the bulk of a kilogramme of water. In commercial dealings, in 
manufacturing processes, and above all in scientific investigations, 
these simple relations lietween weights and measures have been found 
to be an inestimable advantage. The numerical expressions for 
metrical weights and measures may always be read as decimals. 
Thus 5.126 metres will l)e read five metres and one hundred and 
twenty-six thousandths, and not five metres, one decimetre, two cen- 
timetres and six millimetres. The expression 10.5 grammes ig read 
ten and five- tenths grammes ; just as we say one hundred and five 
dollars, not ten eagles and five dollars ; or sixty-five cents, not six 
dimes and five cents. All computations under the metrical system 
are made with decimr 
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The abbreviations commonly met ¥rith in chemical literature arc : — 



m. m. for millimetre ; 
m. for metre ; 
grm. for gramme ; 



c. TXL for centimetre ; 

c. c. or c. m-* for cubic centimetre ; 

kilo, for kilogramme. 



The equivalents in English weights and measures of thopc metrical 
weights and measures which are used in cliemistry can be nwlily 
found by the aid of the table on the following l)age, wliicli is available 
not only for grammes, centimetres and litres, but, by mere change of 
the position of the decimal point, for all decimal multiples or suMi- 
visions of these quantities. 



One cubic metre 
" " decimetre ( a litre) 
" " centimetre 
" Utre 



« 
tt 
ti 
« 



tt 
tt 
tt 
tt 



One ponnd avoirdapois 
•* " troy 
** omice aToirdupoia 
" • troy 

grain 
nsrllsh imperial cnllon 
U. 8. standard gallon 
foot 
yard 



= 36.31660 cubic feet. 


— 61.027(»9 " 


incites. 


= 0.06103 " 


(( 


= 0.22017 imp. 


gallon. 


= 0.88066 " 


quart. 


= 1.76133 " 


pint. 


= 0.26427 U. S 


. gallon. 


- 1.05708 " " 


quart. 


= 2.11415 " " 


pint. 


7000 grains = 


453.59 grm. 


6760 


873.24 " 


437.5 " 


28.a5 " 


480 " = 


31.10 " 


^ 


64.80 mgrm. 


277.274 en. in. = 


4.54 litres. 


281 


3.78 " 


=s 


0.8048 metre. 


= 


0.9144 mgrm. 
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TABLE — For the Conversion of Degrees on the Centigrade Thermometer into 

Degrees of Fahrenheit's Scale. 





Cent 


Fahr. 


Cent. 


Fahr. 


Cent. 


Fahr. 







o 
















—50 


—58.0 


17 


62.6 


60 


140.0 




-45 


—49.0 


18 


64.4 


61 


141.8 




—40 


—40.0 


19 


66.2 


62 


143.6 


• 


-35 


—31.0 


20 


68.0 


63 


145.4 




-30 


22.0 


21 


69.8 


64 


147.2 




-25 


—13.0 


22 


71.6 


65 


149.0 




-20 


— 4.0 


23 


73.4 


66 


150.8 




-19 


— 2.2 


24 


75.2 


67 


152.6 




-18 


— 0.4 


25 


77.0 


68 


154.4 




-17 


+ 1-4 


26 


78.8 


69 


156.2 




-16 


3.2 


27 


80.6 


70 


158.0 




'-15 


5.0 


2ft 


82.4 


71 


159.8 




-14 


6.8 


29 


84.2 


72 


161.6 




-13 


8.6 


30 


86.0 


73 


163.4 




-12 


10.4 


31 


87.8 


74 


165.2 




—11 


12.2 


32 


89.6 


75 


167.0 




—10 


14.0 


33 


91.4 


76 


168.8 




— 9 


15.8 


34 


93.2 


77 


' 170.6 




— 8 


17.6 


35 


95.0 


78 


172.4 




— 7 


19.4 


36 


96.8 


79 


174.2 




— 6 


21.2 


37 


98.6 


80 


176.0 




— 5 


23.0 


38 


100.4 


81 


177.8 




— - 4 


24.8 


39 


102.2 


82 


179.6 




-- 3 


26.6 


40 


104.0 


83 


181.4 




— 2 


28.4 


41 


105.8 


84 


183.2 




— 1 


30.2 


42 


107.6 


85 


185.0 







32.0 


43 


109.4 


86 


186.8 




+ 1 


33.8 


44 


111.2 


87 


188.6 




1 

2 


35.6 


45 


113.0 


88 


190.4 




3 


37.4 


46 


114.8 


89 


192.2 




4 


39.2 


47 


116.6 


90 


194.0 




5 


41.0 


48 


118.4 


91 


195.8 




6 


42.8 


49 


120.2 


92 


197.6 




7 


44.6 


50 


122.0 


93 


199.4 




8 


46.4 


51 


123.8 


94 


201.2 




9 


48.2 


52 


125.6 


95 


203.0 




10 


. 50.0 


53 


127.4 


96 


204.8 




11 


51.8 


54 


129.2 


97 


206.6 




12 


53.6 


55 


131.0 


98 


208.4 




13 


55.4 


56 


132.8 


99 


210.2 




14 


67.2 


57 


134.6 


100 


212.0 




15 


59.0 


58 


136.4 






L 


16 


60,8 


59 


138.21 


\ 
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ORDER-LIST OF CHEMICALS. 

The quantities here given are the quantities which one person ' 
use in performing the numbered experiments of this manual acw 
ing to the directions. In ordering chemicals for a class of sev 
students, a small reduction may be made upon the multiplied qua 
ties. Teachers can get some idea of the cost of these chemicals 
referring to the price lists of the " Druggists' Circular," publis 
monthly at 36 Beekman Street, New York, price 13 cents, 
names by which the substances are known in commerce are givei 
the following list ; such substances as sugar, starch, marble, 
do not appear in the list : — 



Alcohol 5 oz. 

Alum J oz. 

Ammonia- water (/I (^ua Ain- 

Ttwnia) 6 oz. 

Amiuonium chloride {sal 

ammoniac) . . . . 1 oz. 
Ammonium nitrate . . . J oz. 

Aniline a few drops 

Aniline red . . a small crystal 
Antimony, metallic . . 30 grains 
Arsenious acid ... 30 grains 
Barium chloride . . a few grains 

Benzol | oz. 

Bleaching-powder . . . 2 oz. 

Bone-black 3 oz. 

Bromine .... a ft w drops 
Calcium chloride ... 1^ oz. 
Calcium sulphate (gyp- 
sum) .... a few grains 

Camphor iV o^- 

Castor oil '^ o^. 



Carbolic acid (crystallized) : 
Carbon bisidphide (bisul- 

phuret of carbon) . . . ; 
Chalk, powdered ... 
Chlorhydric acid . . . 

Cochineal 30 gi 

Copper (filings) .... 1 
Copper oxide . . . 30 g] 
Copper sulphate {blue 

vitriol) ^ . . . . 30 g 

Ether 

Fluor-spar 

Gold-leaf .... 1 sq. 

Gum-arabic 

Indigo ^^ g" 

Iodine 1^ g^ 

Iron (filings) 

Iron sulphate {copperas) . 
Iron sulphide .... 
Lead acetate {sugar of lead) 
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lus 15 grains 

«food, extract of . 30 grains 
nesium wire . . 4 inches 
ganese, black oxide of 1 oz. 
Jiiry chloride {corrosive 
Uimate) ... a few grains 
Jury, red oxide of . . } oz. 

ic acid 6 oz. 

ic acid (fuming) . , J oz. 

;all8 i oz. 

ic acid .... 50 grains 
phonis, 1 stick, 2^ inches long 
c acid .... 30 grains 
num, scrap ... 10 grains 
isium, 2 pieces the size of a 
I. 

sium bichromate . . ^ oz. 
«imn bromide . . 1 grain 
eium chlorate . . . ^ oz. 
isium cyanide . . 30 grains 
sium ferrocyanide (yel- 
' jrrussiate of potash) J oz, 
siiim hydrate {white 
stic potash) . . . J oz. 
sium iodide . . . :j\f oz. 
sium nitrate {salt- 
re) 3 oz. 

)horus, red ... 15 grains 



Potassium permanganate 6 grains 
Potassium tartrate {cream 

of tartar) 1 oz. 

Rosin 30 grains 

Shellac 40 grains 

Sodium, 2 pieces the size of a 

pea. 
Sodium acetate . . . 30 grains 
Sodium biborate {borax) . J oz. 
Sodium carbonate . . . ^ oz. 
Sodium hydrate {caustic 

soda) 1 oz. 

Sodium silicate, strong 

solution {foater-gkiss) . 1 oz. 
Sodium sulphate {Glavber^s 

salt) 1 oz. 

Strontium nitrate . a few grains 
Sulphur, flowers of . . . 1 oz. 
Sulphur, roll brimstone . 4 oz. 
Sulphuric acid ... 1^ lbs. 
Tin binoxide . . .15 grains 
Turpentine, crude . . . 1^ oz. 
Turpentine, oil of ... 4 oz. 
Zinc, granulated or scraps 2 oz. 
Zinc filings (or dust) . . J oz. 
Zinc sheet, two strips 6 by 2 

inches. 



ORDER-LIST OF UTENSILS. 

B following list includes the utensils which one person will need 
rforming all the numbered experiments in this manual. The 
[pal articles of steady consumption are glass-tubing, retorts, 
, corks, caoutchouc-connector and filter-paper. Many of the 
articles, once obtained, last a long time. It is evidently not ne- 
y to provide all this apparatus for every member of a large class, 
etorts, as many Woulffe-bottles, four soda-water bottles, two or 
measuring glasses, two mortars, two pipettes, one blast-lamp and 
¥3, three or four pieces of platinum ioVi, two \X!i<wTCiwcMXKW 
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pair of Bcoles and one set of weights will Huffice, if used with method 
for a class of twenty or twenty-five students. Many of the article 
can 1»e o])tained of tlie wholesale drugp^sts or of dealers in hardware 
for the n'st, teachers can consult the priced catalogues of the dealer 
in philosophical apparatus and chemical ware. 



Olass-tiihing (App. Fig. 1) — 

1 stick ahout 3 ft long of No. 1 

9 (( u u <» (I 2 

1 t( t( (( u '* 3 

1 (( « « u ''4 

1 (( u u « ^5 

2 (( <( (( M '* 7 



1 t( t( i( (( (( Q 

1 tu1)e al)out 1 foot long and 1 
inch in internal diameter. 
[If ignition-tuhes can he hought 
ready ma<lc, a dozen of them may 
1^ lx)ught instead of one stick of 
No. 1 and one stick of No. 2 tub- 

1 r('t(>rt of 12 oz. capacity with 

glass stopper. 
1 receiver of 8 or 10 oz. ciipacity 

Avitli till ml lire. 
Buttles — 

1 wide-inoutli Lottie, \ gallon. 

1 " " " 1 quart. 

1 " " " 1 pint. 

2 " " " 8 oz. 
2 " " " 4 oz. 
2 " " " 2oz. 

1 stout pint bottle with mouth 
about an inch across, for hy- 
drogen generator. 
[These bottles may be of a 
very common quality, such as are 
sold as *' packing " bottles.] 
Funnels — 

1 four inches in diameter. 
1 two inches in diameter. 



3 Woulffe-bottles of about 12 oz 

capacity. 
Glass flasks — 

1 of 1 J pints' cfq)acity. 

1 of 8 oz. capacity. 

2 of 4 oz. capacity. 
2 of 2 oz. capacity. 

1 thistle-tube. 

1 soda-water bottle, stout. 

1 conical wine-glass. 

6 test-tubes. 

1 drying-tube. 

1 measuring-glass of 250 c c 

capacity grad. for every 10 c. c. 
1 measuring-glass of 25 or 30 c. c. 

caj)acity graduated to cubic 

centimetres. 
1 small pipette. 

1 nest of 4 or 5 beakers, of which 
the largest is of 250 c. c capa- 
city. 

2 or 3 bits of window-glass, 3 
inches scj^uare. 

Porcelain evaporating-dishes — 

1 about 4 inches diameter. 

1 about 2i inches diameter. 

1 deep dish (App. § 21) of 
500 c. c. capacity. 
1 small iron mortar. 
1 Wedge wood mortar about 4 

inches in diameter. 
1 Bunsen gas-lamp with blowpipe 

tube (or spirit-lamp where gas 

is not to be had.) 
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I iron ring-stand. 

1 piece of iron wire-gauze about 

4 inches square. 
4 or 5 feet of stout iron wire. 
4 feet iron piano-wire. 
1 piece fine brass (or copper) 

gauze about 2J inches square. 
1 iron sand-bath 4^ inches in 

diameter. 
1 water-bath (App. § 17). 
1 glass-blower's lamp or Bunsen's 

gas blast-lamp. 
1 small double acting bellows. 
1 mouth-blowpipe. 
1 triangular file. 
1 round file. 

1 pair jewellers' tweezers. 
1 piece platinum foil Ij inches 

square. 
1 piece platinum wire 4 inches 

long, and not thicker than a 

No. 5 needle, 
i stoneware milk-pan. 
1 flower-pot saucer (or two bits 

of wood 6 inches by 3 inches 

by 1 inch, loaded with lead). 



1 Hessian crucible of about 8 oz. 
capacity. 

1 lead' pan for Exp. 41. 

1 common plate. 

1 soup plate. 

1 thermometer. 

1 pair of small scales (" Tea " - 
scales for grocers' use). 

1 set of gramme weights 1, 2, 5, 
10, 20 and 50 grammes. 

Corks — an assortment of various 
sizes, to fit the ignition-tuljes, 
the flasks, the hydrogen gen- 
erator, &c. 

Caoutchouc tubing — 
1 foot of J inch. 
1 foot of rf^ inch. 
4 feet of J inch. 

1 iron spoon. 

1 pair wooden nippers. 

4 sheets of common filter-paper, 
or 2 sheets of filter-paper and 
half a bunch of cut filters 3 
inches in diameter. 
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The following abbreviations are used in this index ; occ, stands 
for occurrence ; prep, for preparation ; prop, for proi>erties ; comp. fur 
composition ; def, for definition. The numbers rel'er to the pages ; 
the Roman numerals to the Appendix 



Acetates, 153. 
Acetic acid, 151. 

glacial, 153. 

prep, from wood, 152, 173. 
from alcohol, 151. 
Acetic ether, 150. 
Acetylene, 175. 
Acetylene series, 175. 
Acid, acetic, 151. 

antimonic, 106. 

arabic, 188. 

arsenic, 105. 

arsenious, 104. 

benzoic, 175. 

bromhydric, 62. 

bromic, 62. 

caffeo-tannic, 195. 

carbolic, 170. 

carbonic, 119. 

chlorhydric, 49-52. 

chloric, 60. 

chromic, 262. 

citric, 194. 

cyanhydric, 136. 

fem-cyanhydric, 225. 

ferro-cyanhydric, 224. 

fluorhydric, 66. 

fluosilicic, 206. 

formic, 153. 

gallic, 196. 



Acid, gallo- tannic, 195. 
hypochlorous, 60. 
ioclic, 64. 
iodohydric, 64. 
lauric, 159. 
malic, 193. 
manganic, 263. 
meconic, 196. 
nitric, 30-32. 
oleic, 155. 
oxalic, 192. 
palmitic, 155. 
pectic, 189. 
pectosic, 189. 
phenic, 170. 
phosphoric, 98. 
picric, 171. 
pyroligneous, 153. 
querci-tannic, 195. 
resinic, 190. 
selenic, 86. 
silicic, 205. 
stannic, 281. 
stearic, 155. 
succinic. 191. 
sulphindigotic, 199, 
sulphuric, 81. 
sulphurous, 78. 
tannic, 194. 
tartaric, 193. 
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Arid, tri-iiitn>-|)henic, 171. 
Arid, iiK'unin;^ of the term, 
41-43. 

iXNU'tion, 32. 
Acidrt and luisi-s, rtdation between, 
41. 

1 MUSI'S and Kdts, 41. 

vi*«4uta1»le, 1J)1. 
Action of air and water on lead, 

•24!>. 
Arrolfiji, \7u. 
Air, a nii.\tuix% 40. 

analysis of, (i, 7. 

cheniiral j»rop..of, 6. 

conin. of, G-8. 

displating of, 5. 

not an element, H. 

physical jirop. of, 5. 

prt'sence of, 4. 

reaction with nitric oxide, 
40. 

wei^dit of, 5. 
Allmmin, 201. 

ve;4etal)lf, 201. 
Alcohol, al)S()lute, 14G. 

aiiivl, MS. 

di- atomic, tri- atomic, &c., 
lO"). 

dcf. of term, KJr). 

inflammal)ilitv of, 127. 

metliyl, 148. "^ 

produced l>y fermentation, 
143. 

])ro]). of, 144. 

ye])ar.ition of bv distillation, 
14"). 

uses of, 147. 
Alcohol-lamp flame, 126. 
Alcohols, 148. 
Aldehyde, 152, 202. 
Ale, 182. 
Alizarin, 197. 
Alkali ,i:(r()up, 240. 

metals, 240. 
Alkalies, def. of, 32. 
Alkaline reaction, 32. 
Alkah)i(ls, orijanic, absorbed by 
charcoal, 118. 

vo<j:c table, 196. 
Allot ropisin, 68, 



Alum, 260. 

iu bread, 214. 
Alum, ammonium, 261. 
Alum-cake, 260. 
Alumina, 258. 
Aluminates, 259. 
Aluminum, abundance of, 258. 

alloys of, 258. 

bronze, 258. 

hydrate, 259. 

combines with coloring 

matters, 259. 
used as a mordant, 260. 

oxide, 25B. 

prop, of, 268. 

silicates, 261. 

sulphate, 260. 
Amalgams, 279. 
Amber, 191. 

Amide, term defined, 169. 
Amine, term defined, 169. 
Ammonia, comp. of, 46. 

liquid, 45. 

occ. of, 47. 

physical prop, of, 45. 

prep, of, 44. 

solubility in water, 45. 

sources of, 47. 
Anjmoniacal liquor of gas-works, 

47. 
Ammonia-water, formula qf, 46. 

precipitates metallic hy- 
drates, 229. 

prep, of, 48. 

uses of, 48. 
Ammonium, hj-pothetical, 49, 228. 

carbonates, 230. 

chloride, 229. 

hydrate, 229. 

nitrate, 230. 

decomposition of, 33. 
prep, of, 33. 

sulphate, 230. 

sulphides, 231. 

sulphydrate, 231. 
Ammonium-salts, prop, of, 47. 

source of, 229. 

test for, 229. 
AlWYV^'AV, \\\.\v ot\ 89. 
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Amyl alcohol, 148. 
Analysis, def. of, 3. 
Anhydride, def. of, 38, 43. 
antimonic, 106. 
arsenic, 106. 
arsenious, 103. 
boracic, 208. 
carbonic, 119. 
chromic, 262. 
hypophosphorous, 97. 
manganic, 263. ' 
nitric, 37. 
phosphoric, 98. 
phosphorous, 97, 
silicic, 205. 
sulphuric, 81. 
sulphurous, 75, 78. 
Anhydrite, 245. 
Aniline colors, 169. 
Aniline, comp. of, 169. 
compounds, 169. 

action of oxygen on, 
170. 
prep, of, 168. 
prop, of, 168. 
Animal charcoal, decolorizing 

power of, 117. 
Anthracene, 173. 
Anthracite, 111. 

conducts heat, 112. 
Antimonic acid, 106. 
Antimony, alloys of, 105. 
glance, 107. 
mirrors, 106. 
occ. of, 105. 
prop, of, 105. 
sulphide, 107. 
terchloride, 106. 
teroxide, 106. 
Antiseptic agents, 204. 

carbolic acid, 171. 
common salt, 211. 
dead oil of tar, 171. 
kreasote, 174. 
mercuric chloride, 279. 
sugar, 204. 
^ wood smoke, 174. 
Antozone, 7l. 

fogs and smokes, 71. 
Aqua Tegia, 53. 

29 



Arabic acid, 188. 
Ar^'ol, 193. 
Arrow-root, 184. 
Arseniates, 105. 

Arsenic, detection of the poison, 
103. 
gieens, 104. 
mirrors, 103. 
occ. of, 102. 
prop, of, 102. 
sulphides of, 105. 
Arsenic acid, 105. 
Arsenious acid, 103. 

antidote for, 104. 
a poison, 104. 
reduction of, 104. 
solubility of, 103. 
sources of, 103. 
Arsenites, 104. 
Arseniuretted hydrogen, 102. 
Artificial fats, 159. 

light, 125. 
Atom, def. of, 18. 
Atomic weights, def. of, 19. 
practical use of, 54. 
table of, 289. 
Atoms, absolute size of, 19. 
relative size of, 18. 

Balsams, 189. 
Barium, 247. 

compounds, 247. 

flame, 248. 
Barley sugar, 179. 
Barytes, 247. 
Base, 169. 

def. of, 41, 43. 
Bases, organic, 190. 
Bay berry tallow, 159. 
Beakers, xxix. 
Beef tallow, 154. 
Beer, 182. 
Beeswax, 158. 
Beet-sugar, 178. 
Bell-metal, 275. 
Bellows, x. 
Benzoic acid, 175. 
Benzol, comp. of, 167. 

dissolves grease, 167. 
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Benzol, present in illuminating 

KOH, 141. 

]m»p. of, 16(5. 
Beftsenier Hteel, 268. 
BibuDic at'id.H defined, 85. 
Bitfiuutb, mokes fusible alloys, 
107. 

oxides of, 107. 

j)rop. of, 107. 
Bitter almonds, oil of, 174. 
Bituminous coal, 111. 
Bivalent metals, 53, 250. 
Black Imll, 212. 
Black le^l, 110. 
Blast funiace, iron, working of, 

265. 
Bleaching by chloride of lime, 61. 

by chlorine, 59. 

by ozone, 69. 

by sulphurous acid, 80. 
Bleaching-powder, 60. 
Blende, 252. 
Bh>om, 264. 
Blowers, x. 
BlowpiiK\ Bunsen'rt gas^ ix. 

mouth, use of, 129. 

oxidiziii^j: rtanie of, 130. 

oxy-hydrogen, 27, 129. 

ivdiiciiig flame of, 130. 
Blowpipes, mouth, xi. 
Bhie vitriol, 277. 
Bone-black, ])rep. of, 119. 
B()ne-])lK>sphate of calcium, 246. 
Boracic acid, extraction of, 208. 

prop, of, 208. 
Boracic anhydride, 208. 
Bt)rax as a blowpipe test, 217. 

uses of, 218. 
Boron, allotropic states of, 208. 

occ. of, 207. 
Brass, 275. 
Bread, 185. 

raising with chemicals, 214. 
Britannia metal, 105. 
Bromates, 62. 
Bromhydric acid, 62. 
Brfmiic acid, 62. 
Bromine, 61. 
Bronze, 275. 
Brown sugar, 177, 



Brucine, 196. 
Bulbs, blowing, vL 
Bunsen's burner, 126, vi. 
Butter, 202. 

constitution of, 1 55. 

Cadmium, occ. of, 257. 
sulphide, 257. 

symbol of atom and molecuh 
the same, 91. 
Caesium, 233. 
Caffeine, 197. 
Caffeotannic acid, 195. 
Calcium, 241. 
flame, 248. 
light, 28. 

carbonate, occ. of, 241. 
solubility of, 242. 
chloride, 246. 

used for drying gases, 
246. 
hydrate, 243. 
hypochlorite, 60, 247. 
oxide, 242. 

infusible, 243. 
phosphates, 92, 246. 
sulphate, 245. 
Calc-spar, 241. 
Calomel, 279. 
Camphor, prop, of, 162. 
Candles, manufacture of, 158. 
Cane-sugar, 176. 
Caoutchouc, 190. 

stoppers and tubing, xi, xii. 
C^aramel, 179. 
Carbolates, 171. 

antiseptic prop, of, 171. 
used as disinfectants, 171. 
Carbolic acid, 170. 
Carbon, allotropic modifications 

of, 109. 
Carbon bisulphide, 135. 
prop, of, 135. 
uses of, 135. 
protoxide, 123. 
a poison, 123. 
prep, of, 123. 
prop, of, 123. 
•A Y^duciug agent, 124. 
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Carbonic acid, 119. 

extinguishes combus- 
tion, 121. 
formed in combustion, 
119. 
in fermentation, 122. 
in respiration, 122. 
generator, 120. 
liquid, 121. 

obtained from carbon- 
ates, 120. 
prop, of, 119. 
solid, 121. 
solubility of, 121. 
spec, gravity of, 121. 
test for, 119. 
Carbonic anhydride, see Carbonic 

acid. 
Carbonic oxide, see Carbon prot- 
oxide. 
Carmine, 197. 
Carmine-lake, 259. 
Casein, 201. 
Cast iron, impurities of, 266. 

varieties of, 266. 
Caustic potash, 221. 
Caustic soda, 215. 

manufacture of, 216. 
Cellulose, 186. 
Cementation process, 267. 
Cerium, 274. 
Chalk, 241. 

Charcoal, absorbs different gases 
in different proportions, 
116. 
causes combination of gases, 

117. 
a disinfectant, 116. 
prep, of, 112. 
a reducing agent, 115. 
removes colors, 117. 
stability of, 116. 
Cheese, 202. 
Chemical changes, 2. 
combination, 33. 
compounds and mechanical 

mixtures, 39. 
force, 32. 
symhols, 24. 
Chemistry, agrfcuJtnral, 200. 



Chemistn', j)hysiol(>gical, 2(H). 

suhjfct matter of, 1. 
Chili-saltpHiv, 31, 21H. 
Chimneys create dmughtM, 131. 

oil lii-e, how to put (jiit, 79. 

use of, 130. 
Chinese wax, 158. 
Chitin, 202. 
(Chloral, 152. 
Chlorates, 60. 

Chlorhydric acid, 24, 49-52. 
a gas, 50. 
coni]». of, 24, 50. 
gas, prq). of, 50. 
pre]), of; 52. 
j)rop. of, 50. 
Chloric acid, 60. 
Chloride of lime, 247. 
Chlorides, formation of, 53. 
Chlorine, acids and oxides of, 60. 

atomic weight of, 56. 

bleaches, 59. 

burns in hydrogen, 58. 

combustion in, 57, 58. 

decomposes water, 59. 

disinfects, 60. 

explosive mixture with hy- 
drogen, 56. 

group, 65. 

occ. of, 55. 

physical prop, of, 56. 

prep, of, 56. 

prep, from bleaching pow- 
der, 60. 

test for, 63. 

unites with metals, 57. 

water, 59. 
Chloroform, fonnula of, 139. 

prep, of, 139. 
Chromates, 262. 
Chrome alum, 262. 

iron ore, 261. 
Chromic acid, 262. 
Chromic anhydride, 262. 
Chromium, occ. of, 261. 
Chromium hydrate, 262. 

sesquioxide, 262. 

sulphate, 262. 
Cinchonine, 197. 
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Citric aciil, 194. 

Chuvitication of the elements, 287. 

f'lav. 2(51. 

(Mwivaj^S 74. 

Clovc'H, oil of, IGO. 

(Vml, bituminous, 111. 

distillation of, HI. 
('t»al-j^jis, com J), of, 131. 

pr«*j). of, 131). 

]>uritiration of, 141. 
(\Mil-tar, 141, 16(5. 

distillation of, 1G6. 
Coal-tar naphtha, 166. 
(N.halt, 273. 

<'«Hhincal, tincture, prep, of, 197. 
Coke, 111. 

conducts heat, 112. 
Collodion, 187. 

UHwl in photography, 238. 
Coloring matters, organic, 197. 
Columhium, 295. 
(^^ml)ination hy volume, 87. 
Combining weights of compounds, 
43. 

and unit- volume weights 
conipaivd, 292. 
C()nilmstil>l(s, and supporters of 

combustion, '1\). 
Conilmstion, dcf. of, 11, 58. 

ordinary, l:i4-132. 

s})()iitaiieuus, KJO, 273. 
Con dull sat ion -rati OS, 88. 
Condenser, I-IO. 

Cooling tlanies by good conduct- 
ors, 131. 
Copper, alloys of, 275. 

occ. and proj). of, 274, 275. 

pyrites, 274. 
Copper, acetates, 277. 

liydrat(% 270. 

oxides, 275. 

sulphate, 277. 
Co])peras, 270. 
Cork-cutters or borers, xiii. 
Corks, xii. 

Corrosive suldimate, 279. 
antidote for, 279. 
Cream of tartar, 193. 
Cnicihle.% HessiaUy xxxiii. 
porcelain, xxxiL 



Cr}'olite, 66. 

Crystallization, by fusion, 74. 

solution, 74. 

sublimation, 75. 

six systems of, 74. 
Ciystald) methods of fonning, 74. 
Cvanates, 137. 
Cyanhydric acid, 136. 
Cyanides, 136. 
Cyanogen, 136. 

Dead oil of tar, 171. 

Decay of organic substances, 203. 

Decolorizing power of charcoal, 

117. 
Definite proportions, 30. 
Deflagrating spoon, xxlL 
Deflagration, 226. 
Deodorizing by charcoal, 117. 
Detection of arsenic, 103. 
Developers, a term of photograr- 

phy, 239. 
Dextrine, 184. 
Dextrose, 179. 
Diamond, 109. 

Diamond, combustion of, 110. 
Diaclivlon, 156. 
Didyniium, 274. 
Dillusion of gases, 26. 

relative rapidity of, 26. 
Dimoqihous substance, defined, 

75. 
Disinfectant, charcoal, 116. 

zinc chloride, 257. 

chlorine, 60. 

ozone, 70. 

])otassium permanganate, 
2()3. 

])henic or carbolic acid, 170. 
Displacement, collection of gases 

by, 25. 
Distillation, fractional, 146. 

of coal tar, 1 66. 

of wood, 173. 

the process of, 20. 
Distilled li(juors, 183. 

water, 20. 
Doctrine of tyjx's, 100. 
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Dutch liquid, 164. 
Dyeing, methods of, 198, 260, 
271, 272. 

with indigo, 200. 

use of mordauts in, 260. 

Earthenware, 261. 
Etfervescing liquids, 121, 182. 
Electro-chemical rehitions of the 

elements, 256, 293. 
Electrolysis of water, 16. 
Element, def. of, 3. 
Elementary gases, molecular con- 
dition of, 90. 
Elements are bodies incapable of 

decomposition, 19. 
Empirical formulae, 98. 
Epsom salts, 252. 
Equations, chemical, calc. of, 54. 
Equivalent weights, 286. 
Erbium, 274. 
Essential oils, 160. 
Etching glass, 67. 
Ethal, 158. 
Ethane, 142. 
Ethene, 165. 
Ether, 148, 149. 

acetic, 150. 
Ethers, 150. 

compound, 150. 
Ethylene, 163. 

chloride, 164. 

series, 165. 
Evaporating-dishes, xxxi. 
Explosion of oxygen and hydro- 
gen, 28. 
Explosions in coal-mines, 138. 

Fats, 154. 

artificial, 159. 

saponification of, 158. 
Fatty acid series, 154. 
Fatty acids used in making can- 
dles, 158. 
Feldspar, 258. 
Fermentation, 143, 181. 

of grape-sugar, 144. 
Fermented liquors, 182. 
Ferric chloride, 270. 
hydrate, 269. 
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Feme hydmte, used in purifying 
ga«eH, 269. 
oxide, 2()8. 

corrodes organic matter, 
269. 
salts 270. 
silicate, 271. 
sulphate^ 270. 
Ferricyanhydric acid, 225. 
Ferrocyanhydric acid, 224. 
Ferrocyanogen, 224. 
Ferrous and ferric salts, 270. 
Ferrous chloride, 270. 
oxide, 268. 
salts, 270. 

absorb oxygen, 270. 
test for, 272. 
silicate, 271. 
sulphate, 270. 

dyeing black with, 270. 
sulphide, prep, of, 75. 
Fibrin, 201. 
Filtering, xxiv. 
Filtei*s, how to fold, xxiv. 
Fire-damp, 138. 
Flame, luminosity of, 125. 
oxidizing, 130. 
put out by good conductors, 

134. 
reducing, 130. 
structure of, 128. 
Flames, all, gas flames, 126. 
character of, 125. 
smoky, 125. 
Flasks, xxix. 

Flint-glass contains lead, 250. 
Florence-flasks, xxix. 
Fluorhydric acid, 66. 

action on silica, 67. 
prep, of, 67. 
Fluorine, 66. 

hard to get and keep, 66. 
occ. of, 66. 
Fluor-spar, 66. 
Fluosilicic acid, 206. 
Flux, used in smelting iron-ores, 

265. 
Formic acid, synthesis of, 154. 
Formulae, dualistic, 100. 
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FonnvUe, typical, 100. 
Fractumal condenwitioii, 147 
Fiuctioual diHtiliutioii, 146. 
Free gBAes exint a» molecule»y 90. 
Friction niatchefl^ 93. 
Fruit-supir, 180. 
Furnace, bla»t, 265. 

reverljemtory, 213, 267. 
Funiaci>9, xxxiii. 
FiKsvl oil, 14B. 
Fu£(il)le alloys, 107. 

Galena, 248, 250. 
Gallium, 274. 
Gallotaiiuic acid, 195. 
Galvanic current, 254. 

(lecom]K)se8 water, 16. 
Galvanized iron, 254. 
i\ix»y illuminating, 139. 
Gas-carljon, 110. 

prop, of, 111. 
Gaa-generator, self-regulating, 

xxviii. 
Gas-holders, xix. 
(ia8-lani|)s, for heating, vi. 
Gast'S, dissolved by water, 21. 
Gelatin, 202. 
German-silver, 273. 
Glass, colored, 2()G. 

comp. of, 2()(). 

etchin;^ of, G7. 

varieties of, 206. 
Glass beakers, xxix. 

cutting and cracking, ii. 

flasks, xxix. 

retorts, xxix. 

tubing, bending, drawing 
and closing, iii. 

sizes and qualities of, i. 
Glauber's salt, 211. 
Glazes, lead, — feldspar, — salt, 

201. 
Glucinum, 261. 
Glucosides, 196. 
Glue, 202. 
Gluten, 185. 
Glycerin, 155. 

prep, oij 156. 
prop, of J 157. 
uses of, 157. 
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Glycols, 165. 
Gold, alloys of; 282. 

coin, 283. 

cyanide, used in gilding, 283 

occ. of, 281. 

prop, of, 282. 

salts, 28a 
Gramme, def. of, 13. 
Grai)e-8Ugar, 179. 
Graphite, 110. 
Graphic symbols, 289. 
Gray-iron, 266. 
Green vitriol, 270. 
Group, the alkali, 240. 

calcium, 250. 

chlorine, 65. 

nitrogen, 107. 

platinum, 285. 

ses([uioxide, 273. 

sulphur, 85. 
Groups, principles concerning, 66. 

table of, 296. 
Gum-arabic, 187. 

benzoin, 167. 

resins, 190. 

spruce, 188. 

tragacanth, 188. 
Gums, prop, of, 187. 
Gun-cotton, 187. 
Gun-metal, 275. 
Gunpowder, 226. 
Gutta-percha, 190. 
Gypsum, 245. 

Hard water, 245. 
Hartshorn, 47. 
Homologous series, 163. 
Horn-silver, 237. 
Hydrocarbons, variety of, 137. 
Hydrogen, derived from water, 
15, 16. 

diffusive power of, 26. 

explosive mixture with air, 
29. 

with oxygen, 28. 

extinguishes combustion, 27. 

heating power of, 27. 

inflanmiable, 16, 26. 
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Hydrogen, precautioiSs in making, 
23. 
prep, of, 23. 

prod, of combustion of, 28. 
standard of specific gravity 
for gases, 25. 
Hydrogen antimonide, 106. 
arsenide, 102. 

inflammable, 103. 
prep, of, 102. 
peroxide, 71. 
phosphide, 96. 
comp. of, 97. 
prep, of, 96. 
potassium carbonate, 221. 

sulphate, 225. 
selenide, 86. 
sodium carbonate, 213. 
sulphide, 76. 

as reagent, 78. 
sulphide, comp. of, 77. 

decomposed by metallic 

salts, 78. 
decomposition of, 77. 
inflammable, 76. 
.in mineral waters, 77. 
prep, of, 76. 
soluble ill water, 76. 
Hypochlorous acid, 60. 
Hypophosphites, 97. 
Hypophosphorous acid, 97. 

anhydride, 97. 
Hypotheses and theories, distinc- 
tion between, 4. 

Illuminating-gas, 139. 

purification of, 141. 
Indelible ink, 237. 
India-rubber, 190. 

vulcanized, 191. 
Indigo-blue, 199, 291. 

dyeing with, 200. 

-white,. 199. 
Indigotin, 199. 
Indium, 261. 
Ink, 195. 

indelible, 237. 
Inulin, 184. 
lodates, 64. 
Iodic acid, 64. 



Iodine, ocr. and prop, of, 62. 

occurH cn'Htnlliz4^1, TkI. 

reaction with Ktarrh, (>3. 

specific gravity of vuj>or, 6J 

testing for, 63. 

UHeH «f, 64. 
loilohydric acid, prop, of, 64. 
IiMlo-stareh i>ai)er, 63. 
Iridium, 285. 
Iron, cast-, 2(W. 

impurities of, 266. 
varieties of, 266. 

extraction of, 264. 

galvivniaed, 254. 

mordant, 271. 

occ. of, 264. 

ores, 264. 

puddling of, 26a 

pyrites, 273. 

sulphide, prep, of, 75. 

wrought, 264. 
Iron cyanides, 272. 

hydrates, 268, 269. 

oxides, 268, 269. 

sulphates, 270. 

sulphides, 272, 273. 
Iron retort, xxxiii. 
Iron stand for supporting vessel 

xiv. 
Isinglass, 202. 
Isomeric, term defined, 154. 
Isomerism, 173. 
Isomorphism, 231. 

Kaolin, 261. 

Kindling-temperature, 132. 
Kreasote, 173. 

Lactose, 181. 
Lakes, 260. 
Lampblack, 112, 

manufacture of, 112, 114. 
Lamp-flames are gas-flames, 12( 
Lamps for laboratory use, vi. 
Lanthanum, 274. 
Lard, 154. 
Laughing-gas, 35. 
Laurie acid, 159. 
Law of Ampere, 89. 
Lawa, cliemiGal, 4. 
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Leaily actimi of acidfl on, 249. 

action (»f waitfr on, 249. 

cLiMrteil with the calciam 
^i>ui>, 2rj(). 

crystal liaitiofi of, 248. 

nii'tullic, pn>i). of, 248. 

nil-, 'im, 

tost in j^ fijT, 25(). 

tnM% 2.V>. 

ust' or, for water-pipes and 
i•i^<t*•nl^*, 249. 

wliittv, 25<>. 
\A*xid ar4»tiile, 25<>, 

earl H mate, 249, 25(). 

l^vdr.itr, 249. 

pon»x.i«ic, 2.'>(), 

|»n»tnxi(li\ 249, 250. 

i»iiiaiti% 2.j(). 

milH>xi«i«», 249. 

Kiilphi(U\ 24H, 250. 
Le:ither, 19.'). 
Lcblanc's pnw<.»s**, 212. 
Lf^niiuin, 202. 
I^tvulosc, 180. 
Li('l»i^^'s condenser, 21, 146. 
Light, action of, on silver stilts, 
23s. 

art i tibial, 12a 
\a'^\\\ (»il (»f tar, H)f). 
Lime, luMt evolved in ylakin<^, 
243. 

nn'lk or cream of, 243. 

nlaked, al)s<»rbs carbonic acid 
and hvdi'ogen sulphide, 
244. 

the cheapest base, 244. 

uses of, 244. 
Lime, caustic, 244. 

-water, 24,3. 
Limestone, 241. 
Lines of juleavacje, 74. 
Lit[Uoi's, distilled, 183. 

fermented, 182. 
Litharge, 249. 
Lithium-flame, 232. 
Lithium, occ. of, 231. 

resembles sodium and potas- 
sium, 231. 
Litmus-pa})er, 32. 
Logwood, dyeing with, 198. 



Laminodty of flames, 125. 
Luminous flames, form of^ 128. 
Lunar caustic, 237. 

Madder, 197. 
Magenta, 170. 
Magnesia, 251. 

alba, 252. 

crucibles, 252. 
Magnesium light, 251. 

occ. and prop, of, 251. 

salts, from mother-liquor of 
salt-works, 210. 
Magnesium carbonate, 252. 

chloride, 252. 

citrate, 194. 

oxide, 252. 

sulphate, 252.- 
Malic acid, 193. 
Manganates, 263. 
Manganese, occ. of, 262. 
Manganese, binoxide, 262. 

chloride, 263. 
Manganic acid, 263. 
Manufacture of illuminating gas, 
139. 

of soap, 155. 

of sugar, 1 76. 
Ma])le-sugar, 178. 
Marble, 241. 

Marsh-gas, 137, see Methyl hy- 
dride. 

series, 142. 
Matches, 93, 95. 
Meconic acid, 196. 
Mercaptans, 150. 
Mercuric chloride, 279. 

an antiseptic, 279. 
Mercurous chloride, 279. 
Mercury, alloys of, 279. 

detection of, 279. 

extraction of, 277. 

jtueumatic trough, xvi. 

])rop. of, 278. 

symbol of atom and molecule 
"^ the same, 91, 278. 

unit- volume weight half its 
atomic- weight, 91, 278. 

uses of, 277. 
Mercury oxide, red, 278. 
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Merciuy suboxide, 278. 

sulphide, 278. 
Metal, meaning of the term, 235. 
Metallic elements, 235. 
Metaphosphoric acid, 98. 
Meteoric iron, 264. 
Methyl alcohol, 148. 

formate, 154. 

hydride, occ. of, 137. 
Methane, 142. 
Methylated spirit, 148. 
Metre, def. of, xxxvi. 
Metrical system of weights and 

measures, xxxvi. 
Milk, 202. 
Milk-sugar, 181. 

Molecular condition of elemen- 
tary gases, 89. 
Molecule, def. of, 18. 
Molybdenum, 295. 
Mordants, 199, 260. 
Morphia, 196. 
Mortar, 244. 
Mortars, xxxiv. 
Mouth-blowpipe, use of, 129. 
Mouth-blowpipes, xi. 
Mucilage, vegetable, 188. 
Multiple proportions, law of, 39. 
Muriatic acid, 49. 

manufacture of, 51. 

Naphthalin, 172. 
Nascent state, 54. 
Natural fats and oils, 154. 
Negative elements, 256. 
pole of battery, 256. 
Neutralization, 32. 
Nickel, 273. 
Nicotine, 197. 
Nitrates, 42. 

natural formation of, 225. 
Nitre, 225. 
Nitric acid, comp. of, 37. 

prep, of, 31. 

prop, of, 32. 

sources of, 30. 
Nitric anhvdride, 37. 
Nitric oxide, comp. of, 37. 

prep, of, 36. 
Nitro-benzol, production of, 167. 



Nitro-benzol, prop, of, 168. 

use of, 168. 
Nitro-cellulose, 187. 
Nitro-glycerin, 157. 

comp. of, 157. 

prep, and prop, of, 157. 
Nitrogen, a constituent of air, 8. 

and hydrogen, 44. 

binoxide, see Nitric oxide. 

chloride, 64. 

di kites the oxygen in air, 
13. 

group, 107. 

iodide, 64. 

obtained from air, 12. 

oxides of, 39. 

peroxide, 38. 

physical prop, of, 12. 

prep, of, 12. 

by phosphorus, 12. 

protoxide, comp. of, 34. 
prep, of, 33. 

f)rop. of, 36. 
y aiffused, 13. 
Nitrous acid, 38. 
Nitrous anhydride, 38. 
Nitrous oxide, see Nitrogen prot- 
oxide. 
Nomenclature, 287. 
Non-metallic elements, 235. 

Ochre, red, 268. 
yellow, 269. 
Oil of bitter almonds, 174. 
of cloves, 160. 
of turpentine, comp. of, 162. 
prop, of, 161. 
use as solvent, 161. 
oh've, 154. 

of vitriol, manufacture of, 83. 
Oils, 154. 

drying, 159. 
essential, 160. 
fixed, 159. 
vegetable, 159. 
Olefiant gas, 163. 

pnq*. of, 164. 

l)r(;s(;iit in illuminating 

gas, 141. 
series, 165. 
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OU'ic ncifl, 155. 

Oliiii, 154. 

Oiuuiii, 19G. 

Onicr-list of chemicals, xliL 

of uti'iiMln, xiiv. 
Clonic chemiHtrv defined, 135. 
Or^inic oolorinj' nintters, 197. 

Hulwtaiii'w, tlet-ay of, 203. 
Orpiinrnt, 105. 
(K<4iiiiuni, 285. 
Oh^mii, 202. 
OxalaU's, 1<)2. 
Oxalic acid, 192. 

comp. of, 193. 
pn^). of, 192. 
Oxidalicm, 1 1, 290. 
Oxidiziii«{ aj»(*nta defined, 81, 290. 

flame, l.'X). 
Oxygen, abundance and impor- 
tance of, 11. 

burning charcoal, etc in, 
10. 

bums in hydrogen, 30. 

constituent of air, 8. 

explosive mixture with hy- 

physical proprrties of, 9, 10. 

precautions in making, 9. 

prej). of, !), -IM. 

suj)j)orts combustion, 10. 
Oxy-hydrogen blowpipe, 27, 129. 
Ozone, ()8. 

atmos])heric, 70. 

disinfecting agent, 70. 

prep, by electricity, 08. 

prep, by ])h()aphoru9, 69. 

prop, of, ()9. 

resembles chlorine, 68, 69. 

tests for, 69. 

Palladium, 285. 
Palm-sugar, 178. 
Palmitic acid, 155. 
Palmitin, 154. 
Parallin, 158, 174. 
Parchment-paper, 186. 
Parchment, vegetable, 186. 
Pearlash, 220. 
Pectic acid, 189. 
Pectin, 188. 



Pectoee, 188. 
Pectosic acid, 189. 
Permanganates, 263. 
Petrefactions, calcareous, 242. 
Petroleum, comp. of, 142. 

occ of, 142. 
Pewter, 280. 
Phenat^, 171. 

antiseptic prop, of, 171. 

used as dismfectantSy 171. 
Phenic acid, 170. 
Phenol, 171. 
Phenyl alcohol, 171. 

series, 166. 
Phenylanune, 159. 
Phosphates, 98. 
Phosphides, 96. 
Phosphites, 97. 
Phosphorescence, 94. 
Phosphoric acid, 98. 

meta-, 98. 

pyro-, 9a 

tri-basic-, 98. 
Phosphoric anhydride, affinity of 
for water, 98. 
prep, of, 98. 
Phosphorus, allotropism of, 94. 

burnt under water, 227. 

common, 92. 

comparison of red with com- 
mon, 95. 

compounds with hydrogen, 
96. 

inflammability of, 93. 

manufiicture of, 246. 

occ. of, 92. 

oxides of, 97. 

red, 94. 

converted into common, 

95. 
on safety-matches, 95. 

shines in the dark, 94. 

solutions of, 94. 

unit- volume weight of, 97. 
Phosphu retted hydrogen, comp. 
of, 97. 

prep, of, 96. 
Photography, 238. 
Phy?,\cal c<\xa.iv^es^ 2. 



INDEX. 



lix 



Picrates, 172. 
Picric acid, prep, of, 172. 
prop, of, 171. 
used in dyeing, 198. 
Pincers, xxxiv. 
Pipettes, xxxi. 
Plaster of Paris, 245. 
Plaster-casts, 245. 
Plastering, comp. of, 244. 
Platinum, alloys of, 284. 

black, 284. 

foil and wire, xxiiL 

group, 285. 

induces combination, 284. 

melting of, 283. 

metals, 285. 

occ. and prop, of, 283. 

sponge, prep, of, 285. 

uses of, 284. 

vessels, precautions in using, 
284. 
Platinum chloride, 284. 
Plumbago, 110. 
Pneumatic troughs, construction 

and use ol, xv. 
Polarized light, action on sugar, 

179. 
Porcelain, 261. 

dishes, xxxi. 
Positive elements, 256. 

pole of battery, 256. 
Potash, obtained from ashes of 

plants, 220. 
Potassium bicarbonate, 221. 

bromide, 223. 

carbonate, 220. 

chlorate, 227. 

prep, of oxygen from, 9. 

chlonde, 223. 

cyanide, 223. 

ferricyanide, 224. 

ferrocyanide, 224. 

formate, 153. 

hydrate, 221. 

prep, of, 221. 
uses of, 221. 

iodide, 223. 

manganate, 263. 

metallic, 222. 

nitrate, 225, 



Potassium, nitrate, an oxidizing 
agent, 226. 
occurs in nature, 225. 

perman^nate, 263. 
a disinfectant, 263. 

picrate, 172. 

sulphate, 225. 

tartrate, 228. 
Preservative agents, 204. 
Product-volume defined, 88. 
Proto,bi(n),&c., 37. 
Prussian blue, 272. 
Prussic acid, 136. 
Puddling iron, process of, 266. 
Pulverizing, xxxv. 
Pyrites, 273. 
Pyroligneous acid, 153. 
Pyropnosphoric acid, 98. 
Pyroxylin, 187. 

QUANTIVALENCE, 53, 288. 

of radicals, 100. 
Quartz, 205. 
Quercitannic acid, 195. 
Quicklime, manufacture of, 243. 
Quicksilver, 277. 
Quinine, 196. 

Radical, acetyl, 152. 

allyl, 162. 

ammonium, 46. 

benzoyl, 174. 

cyanogen, 136. 

ethyl, 143. 

ferricyanogen, 226. 

ferrocyanogen, 224. 

glyceryl, 155. 

methyl, 137. 

phenyl, 167. 
Radicals of fatty acids, 152. 

of marsh-gas series, 143. 

compound, 101. 
Rational formulae, 98. 
value of, 154. 
Reaction, acid and alkaline, 32. 

def. of, 24. 
Realgar, 105. 
Red lead, 250. 
Reducing agent defined^ 8Lj 200. 
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Redaction of meCalB bj carbonic 
oxide, 124. 
chaJxxMd, 115, 119. 
Relation of chemical energy to 

atomic weight, 66. 
Replacing jwwer, 53. 
Resin ic acid, 190. 
Renins, 189. 

f(»ssil, 191. 

gum, 19(). 
Retort, inm, xxxiv. 
Ret(7rtj«, gla»A, xxix. 

in nianufacture of gas, 139. 
ReverlK^mtory furnace, 213, 266. 
Rh(Mliuni, 2H5. 
Rochelle-iK>wder8, 194, 214. 

wilt, 194, 214. 
Rock-candv, 179. 

crystal, 205. 
Rosin, 161, 189, 190. 
Rougis 268. 
Rubidium, 233. 
Ruliy, 258. 

Rust, of tin, iron, mercury, &c., 
contains something de- 
rived from the air, 6, 11. 
Rusts are oxides, 11. 
Ruthenium, 2H5. 

SAFKTV-hunps, 134. 

-matches, 95. 
Sa«;o, 184. 
Sal-ammoniac, 229. 
Sal vohitihs 230. 
Saleratus, 221. 

Saline taste and substance, 209. 
Salt, def. of term, 41, 42. 
Salts of radicals of marsh-gas 

series, 150. 
Salt (common), manufacture of, 
209. 

glaze, 211. 
solubilitv of, 210. 

t.' ' 

sources of, 209. 

uses of, 210. 
Saltpetre, see Potassium nitrate. 
Sand-bath, xiv. 
Saponification, def. of, 158. 
Sapphire, 258. 
Saturated sointions, 22. 



Selenic acid, 86. 
Selenium, 85. 
Series, acetylene, 175. 

benzyl, 175. 

ethylene, 165. 

faHy acid, 152. 

homologous, 163. 

marsh-gas, 142. 

olefiant gas, 165. 

phenyl, 166. 
Sesquioxide, def. of term, 269. 

group, 273. 
Shot, arsenic added to, 102. 
Silica, see Silicic anhydride. 
Silicates, 205. 

alkaline, soluble, 206. 

ingijMB,906L 
Silicic acid, 206. 
Silicic anhydride, 205. 

occ of, 205. 
Silicic ethers, 207. 
Silicon, abundance of, 204. 

allotropic conditions of, 20' 

in organic compounds, 207 
Silicon fluoride, 206. 
Silver classed with the alb 
metals, 240. 

coin, 236. 

horn, 237. 

occ. of, 234. 

prop, of metal, 235. 

separation i'rom lead by crj 
tallization, 248. 
Silver bromide, 237. 

chloride, 237. 

cyanide, 238. 

hydrate, 238. 

iodide, 237. 

nitrate, 236. 

oxides, 238. 

sulphate, 238. 

sulphide, 238. 
Silvering of mirrors, 279. 
Soap, cleansing action of, 216. 

hard and soft, 156. 

manufacture of, 155. 
Soaps, insoluble, 156. 
Soda-ash, manufacture of, 212. 

b\e.aa:bowat(i of, 214. 
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Soda, grocers', 214. 

-water, 122. 
Sodium flame, 232. 

occ. of, 209. 

prop, of, 214. 
Sodium biborate, 217. 

bicarbonate, 213. 

carbonate, 212. 

chloride, 209. 

hydrate, 215. 

hydrogen carbonate, 213. 
sulphate, 211. 

hyposulphite, 219. 

nitrate, 218. 

phosphates, 218. 

silicates, 219. 

sulphate, 211. 

sulphides, 218. 
Solder, 280. 

Soldering, use of chloride of zinc 
in, 257. 

sal-ammoniac in, 230. 
Soluble glass, 205. 
Solution defined, 22. 

of gases in water, 21. 

satui-ated, 22. 
Spatulae, xxxv. 
Specific gravity, def. of, 14. 
of gases, 25. 

relation to combin- 
ing weight, 88. 
Spectrum analysis, 232. 

delicacy of, 233. 
Spermaceti, conip. of, 158. 
Spongy platinum, 285. 
Spontaneous combustion, 160. 

of coal, 273. 
Stalactites, 242. 
Stalagmites, 242. 
Stannates, 281. 
Stannic acid, 281. 
Starch, occ. of, 183. 

-paste, 63. 

proj). of, 184. 

-sugar, 179. 
Steam, dry, 17. 

physical prop, of, 14. 

volumetric comp. of, 18. 
Stearic acid, 155. 
Stearin, 154. 

SO 



Steel, 267. 

Bessemer, 268. 
Stereotype-metal, 105. 
Stove-polish, 110. 
Straw-rings, xxxiL 
Strontianite, 248. 
Strontium, 247. 

compounds, 247. 

flame, 248. 
Structure of flames, 128. 
Strychnine, 196. 
Substitution compounds, 173. 
Succinic acid, 191. 
Sucrose, 176. 

Sugar, action of polarized lig 
on, 179. 

barley, 179. 

beet-, 178. 

brown, 177. 

cane-, 176.. 

manufacture of, 176. 
prop, of, 179. 
refining of, 177. 

fermentation of, 144, 181. 

fruits, 180. 

grape-, 179. 

maple-, 178. 

milk-, 181. 

of lead, 250. 

palm-, 178. 

starch-, 179. 

varieties of, 176. 
Sulphates, 85. 
Sulphides, 75. 
Sulphindigotic acid, 199. 
Sulphur, crystallization of, 73. 

dimorphous, 75. 

extraction of, 72. 

group, 86. 

kindling material, 93. 

melting of, 72. 

metals burn in, 75. 

milk of, 219. 

occ. of, 71. 

purification of, 72. 

salts compared with oxyg 
salts, 86. 

soft, 73. 

solution of, 74. 
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Sulphuric acid, 81. 

a))»M>r)» water, 81. 

action on iiietalH, 79. 
organic matter, 84. 

bil)aMic, 85. 

cuncentration of, 83. 

fumiii<;, 85. 

how to mix with water, 
84. 

imiM^rtance of, 81. 

manufacture of, 82. 
Sulphuric anhydride, 81. 
Sulphurous acid, 78. 

bleaches, 8(). 

conip. of, 80. 
Sulphurous anhydride, comp. of, 

m. 

liquid, 79. 

oxidation of, 81. 

prep, of, 78, 79. 

prop, of, 79. 

stops combustion, 79. 
Superphosphate of lime, 246. 
Su])]M>rters of combustion, 29. 
Symbols, chemical, 24, 289, 291. 
Synthesis, dcf. of, 3. 
Systems of crystallization, 74. 

Table of atomic woij^hts and 
symbols of the elements, 
286. 
for conyersion of centif]^rade 
into Fahrenheit degrees, 
xli. 
for con Aversion of French into 
Eni^^lish weii^dits and meas- 
ures, xl. 
of elements arranged in 
groups, 290. 
Tables of metrical weights and 

measures, xxxvii. 
Tannic acid, 194. 

test for, 195. 
Tannin, 194. 
Tantalum, 295. 
Tapioca, 184. 
Tartar, 193. 
Tartar-emetic, 194. 
Tartaric acid, prep, of, 193. 
uses of, 194. 



Tartrates, 194. 

Tellurium, 86. 

Temperature, kindling-, 132. 

Terminations ous and tc, 37. 

Test-glasses, xxxL 

Test-tubes, xxx. 

Thallium, 234. 

Theine, 197. 

Theobromine, 197. 

Thermometers, xxxv. 

Thermometer-scales compared, 

xli. 
Thorium, 274. 
Tin, crystallization of, 280. 

extraction of, 280. 

prop, of, 281. 
Tin bisulphide, 281. 

oxides, 281. 
Tin-stone, 280. 
Tinned iron, 281. 
Titanium, 295. 
Toluol, 167. 
Toluidine, 170. 
Tongs, xxxiv. 
Touch-paper, 131. 
Travertine, 242. 
Trinitrophenic acid, see Picric 

acid. 
Tubing, caoutchouc, xii. 

glass, sizes and qualities of, i. 
Type-metal, 105. 
Types of chemical compounds, 

100. 
Typical formula), 100. 

examples of, 101. 

hydrogen compounds, 101. 

Union of hydrogen and oxygen, 

29. 
Unit-volume weights, 292. 
Univalent, the term defined, 53. 
Uranium, 274. 

Vacuum-pan, 177. 

princ. of, illustrated, 178. 
Vanadium, 295. 
Vapor density, 90. 

value of determining, 165. 
VatwUhe?,, 190. 
\ Ye"e\a\Avi ac\^^, \^\. 
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Vegetable albumin, 201. 

alkaloids, 1D6. 

tibrin, 201. 

mucilage, 188. 

oils, 159. 

parchment, 186. 
Vegetables, proximate constitu- 
ents of, 176. 
Verdi<5ris, 277. 
Vermilion, 278. 
Vinegar, 151. 
Vitriol, blue, 277. 

green, 270. 

white, 257. 
Volume, combination by, 87. 
Volumetric composition, 92, 291. 

Water, analyzed by iron, 15. 
by sodium, 15. 

densest at 4°, 14. 

dissolves air, 21. 

distillation of, 20. 

electrolysis of, 16. 

hardness of, 245. 

occ. of, 13. 

proiluced by burning hydro- 
gen, 28. 

prop, of, 14. 

purity of natural, 19. 

removal of gases from, 21. 

the common solvent, 22. 

standard of specific gravity, 
14. 

symbol of, 18. 

synthesis of, 17. 

volumetric comp. of, 18. 
Water-bath, xxviL 
Waterglass, 205. 



Waterglass, uses of, 20(5. 
Wedgewood mortal's, xxxiv. 
Weight, molecular, 24 a, 44. 
Weights, atomic, 19. 

metrical, xxxvi. 

comparison of, xL 
White mdigo, 199. 

iron, 266. 

lead, 250. 

vitriol, 257. 
Wiiies, 182. 

Wire-gauze, use of, xiv. 
Wood, distillation of, 173. 

S reservation of, 171, 257. 
-spirit, 148. 
Woody fibre, 186. 
Woultfe-bottles, 48. 
Wrought-iron, 266. 

Yeast, 143. 
Yeast-powders, 214. 
Yellow metal, 276. 
Yttrium, 274. 

Zinc, action of acids on, 254. 
air on, 253. 

alloys of, 254. 

dust, 253. 

granulated, 253. 

ores of, 252. 

prop, of, 252. 

replaces lead, 255. 

white, 257. 
Zinc chloride, 24, 257. 

oxide, 257. 

sulphate, 257. 

sulphide, 252. 
Zirconium, 274. 



